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The number of individuals actively participating in waterfowl hunting has 
substantially declined since the 1980s, despite relatively abundant waterfowl populations 
and hunting opportunities. To avoid further losses in political support for wildlife 
management, losses in habitat conservation revenue, and broaden the base of waterfowl 
and wetland conservation support, there has been an increased focus on growing the 
number of waterfowl hunters and waterfowl and wetland conservation supporters. The 
purpose of this study was to estimate resident waterfowl hunter and Ducks Unlimited 
(DU) member recruitment rates, retention probabilities, and license/membership purchase 
probabilities; provide a better understanding of the factors influencing these populations 
and provide a foundation for measuring the success of R3 programs aimed at these 
populations. To estimate both waterfowl hunter and DU member recruitment rates, 
retention probabilities, and license/membership purchase probabilities, we analyzed five 
state electronic license systems and DU membership databases (Nebraska, Kansas, 
Missouri, Montana, South Dakota) using a Pradel model in a mark-recapture framework. 
We included five covariates (gender, generation, hunting opportunity, rurality, and DU 
membership class) to improve parameter estimates. For waterfowl hunters, the top 
models indicated that recruitment and retention rates decreased over time for all groups,  
 
and that while males had higher retention rates than females, females had higher 
recruitment rates.  In addition, as DU membership class increased so did retention and 
license purchase probabilities. For DU members, we found similar trends with males 
having higher retention rates and membership purchase probabilities than females, but 
females having higher recruitment rates. Additionally, we found in most states, that Baby 
Boomers had the highest retention and membership purchase probabilities compared to 
other generations. These results confirmed some assumptions that we have about both 
waterfowl hunters and DU members. Additionally, they suggest that social habitat for 
hunters and developing a conservationist’s identity for DU members is important for 
recruitment and retention. These results can be used to both inform and evaluate future 
R3 programs focused on waterfowl hunters and DU members.  
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Chapter 1. Introduction 
 
The number of active waterfowl hunters in the Central and Mississippi Flyways 
has declined since the 1980s, despite relatively abundant waterfowl populations and 
hunting opportunities (Vrtiska et al., 2013). Similar to the decline in the general hunting 
participation, the decline in waterfowl hunting participation is alarming because of a 
wide-range of socio-ecological implications. First, fewer individuals participating in 
waterfowl hunting could contribute to the loss of an important connection to the natural 
world. Hunting is a unique way for individuals to connect with the natural world, and has 
the potential to remind modern societies of their reliance on natural systems (Peterson et 
al., 2011). While people can develop strong attachment to the natural world through 
many different activities and experiences, hunting offers an unique opportunity through 
which people connect to the environment (Winkler & Warnke, 2013). Second, the 
decrease in waterfowl hunting participation will intensify the decline in the constituent 
base of state wildlife management agencies, which results in a loss of political influence 
(Mehmood et al., 2003). Loss of agency political influence can result in an erosion of 
public support for hunting, and further, a loss in public and legislative support of wildlife 
management agencies and the management activities they implement (Mehmood et al., 
2003).   
The importance of hunters goes beyond political support and promoting a 
connection with the natural world. State wildlife agencies' operating budgets are 
dependent on the revenue generated from license, permit, and stamp sales (Mehmood et 
al., 2003) and on funds appropriated under the Pittman-Robertson Act (Winkler and 
Warnke, 2013). Through the purchase of licenses, and hunting and shooting equipment, 
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hunters contribute millions of dollars in essential funding for wildlife conservation 
(Responsive Management & National Shooting Sports Foundation, 2017). Because 
management agencies' operating budgets are dependent on the revenue generated from 
license sales and sporting equipment, any decline in hunters, or their expenditures, has a 
direct monetary impact on how effectively agencies can operate and manage wildlife 
populations (Mehmood et al., 2003). Further, decreases in hunters impact the 
effectiveness of wildlife management, by limiting an important population management 
tool to control over abundant populations (Ankney, 1996). For example, even with 
current waterfowl hunter numbers, attempts to control giant Canada geese (Branta 
canadensis maxima), greater snow geese (Chen caerulescens atlantica) and lesser snow 
geese (C. c. caerulescens) populations,via increased harvest, have had little effect 
(Ankney, 1996).  Continued declining waterfowl hunter numbers would only further 
impede management.  
Finally, the decline in waterfowl hunting participation will impact all hunters and 
others involved in wetland conservation by decreasing the amount of federal duck stamps 
sold, which leads to a decrease in the amount of funding contributed directly to wetland 
conservation (Vrtiska et al., 2013). Each individual 16 years of age or older must 
purchase a federal duck stamp before hunting waterfowl, with 98% of the sale going 
directly to the purchase or lease of waterfowl habitat (Vrtiska et al., 2013). Hunters are 
one of the many conservation-oriented groups that provide important political, financial, 
and volunteer support for conservation efforts (Decker et al., 2009). The continued loss in 
hunters will have detrimental impacts on wildlife management and conservation.    
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To avoid the ramifications associated with the loss of waterfowl hunters and 
broaden the base of waterfowl and wetland conservation support, the 2012 revision to the 
North American Waterfowl Management Plan (NAWMP) added a third goal that 
explicitly identified the importance of the recruitment and retention of waterfowl hunters, 
birders, and other waterfowl and wetland conservation supporters (Devers et al., 2017). 
The addition of this goal was an unprecedented step in waterfowl population 
management. Not only did it recognize the importance of people in the management of 
waterfowl, but it recognized the importance of multiple stakeholder groups, hunters, 
birders, and conservationists in general.   
Since 2012, several efforts have been implemented to reach this goal. For 
example, state and conservation organizations have hired recruitment, retention, and 
reactivation (R3) coordinators, and have implemented several R3 efforts to grow the 
number of hunters. Further, research into hunters, other outdoor recreationists, and 
conservationists has been increasing, with broad national efforts like the NAWMP 
waterfowl hunter and birder surveys, conducted to better understand participation trends 
and how individuals’ identities relate to hunting and birding (Slagle and Dietsch, 2018a; 
Slagle and Dietsch, 2018b). However, despite on-the-ground efforts to increase hunter 
numbers, and research into the topic, there is still information needed to reach the new 
NAWMP goal.  
First, we need to empirically determine what factors are influencing waterfowl 
hunter and conservation organization (CO) member participation. While it is well 
documented that participation in hunting and pro-environmental behaviors is driven by 
numerous factors, particularly individual-level demographic variables like gender and 
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generation (Hinrichs et al. 2019; Martin & Miller, 2009; Schorr et al., 2014; Thomas & 
Peterson, 1993; Winkler & Warnke, 2013), and landscape-level variables like rurality 
(Manfredo, 2008; Stedman & Decker, 1996), factors effecting waterfowl hunter and 
conservation organization participation have not been tested.  
Second, repeatable measures need to be established that can be used to evaluate 
the success of R3 programs aimed at waterfowl hunter and CO member populations, and 
more broadly to determine if progress is being made toward the third NAWMP goal. Due 
to limited resources, it is essential that R3 efforts are assessed for effectiveness. Finally, 
we need to estimate and evaluate the population growth rate on a state-by-state basis for 
waterfowl hunter and CO member populations. Estimates of population growth rate will 
allow us to determine if these populations are changing overtime, and ultimately will 
allow us to predict future population size. Focusing on waterfowl hunters and CO 
members as a whole, instead of on a state-by-state basis, has the potential to mask 
differing trends in each state. Herein, we present the first step toward meeting the 
beforementioned needs for waterfowl hunters (Chapter 2) and Ducks Unlimited (DU) 
members (Chapter 3), as an example of CO members, using mark-recapture methods.     
The use of mark-recapture techniques are widespread and well developed in 
modern wildlife management. These techniques, developed to track marked animals, 
have been extended to be applied to anglers in the field (Pope et al., 2017), but can also 
be applied to observed behavior in state Electronic Licensing Systems (ELS; Schorr et 
al., 2014), and CO membership data. The primary benefit of using mark-recapture 
techniques to analyze waterfowl hunter and CO member behavior is that these methods 
do not assume that individuals need to purchase a license or membership every year to be 
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considered a hunter or CO member. These methods allow us to broaden the population 
we are focusing on, from just those who purchase a license or membership in a given 
year, to the population as a whole. This larger population not only includes individuals 
who purchase a license or membership every year, but also individuals who purchase a 
license or membership every other year, and even, every few years. By broadening our 
focus to the larger waterfowl hunter and CO member population, we are able to identify 
and target sporadic individuals, instead of only relying on information from our more 
avid participants. Finally, the use of mark-recapture methods allows us to incorporate 
individual-level and landscape-level covariates, or variables, to determine what influence, 
if any, they have on parameters of interest.   
In Chapter 2, “Modeling Waterfowl Hunter Behavior Using Mark-Recapture 
Methods”, an empirical examination of the population dynamics of waterfowl hunters is 
conducted. Similarly, in Chapter 3, “Modeling Ducks Unlimited Member Behavior Using 
Mark-Recapture Methods”, an empirical examination of the population dynamics of DU 
members, as an example of waterfowl and wetland conservationists, is conducted. The 
results from both of these chapters will assist management agencies and COs in targeting 
sporadic and dissociated hunters/members and will assist both agencies and COs in 
measuring the success of recruitment and retention programs aimed at waterfowl hunter 
and CO member populations. Further, by using mark-recapture techniques to understand 
waterfowl hunter and CO member populations dynamics, we further develop a valuable 
approach for agencies to analyze license data and for COs to analyze membership data.   
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Chapter 2. Using Mark-Recapture Methods to Model Waterfowl Hunter Behavior 
 
Introduction 
 
 Multiple factors, both individual-level (e.g., gender, age, race, family 
relationships) and landscape-level (e.g., rurality, hunting opportunity), have been shown 
to influence hunting participation (e.g., Manfredo, 2008; Schorr et al., 2014; Stedman & 
Heberlein, 2001; Winkler & Warnke, 2013). Among these factors, the sex of the 
participant is often indicated as an important factor influencing participation (Hinrichs et 
al. 2019; Martin & Miller, 2009; Thomas & Peterson, 1993). Schole’s (1973) review of 
hunting studies indicated that the percentage of males participating in hunting ranged 
from 68% to 99%. Although there have been increases in female participation in hunting 
(Rodriguez, 2016), hunting continues to be a male-dominated sport (Stedman & 
Heberlein, 2001). In 2016, among the 11.5 million individuals who participated in 
hunting in the United States, 90% were male (U.S. Department of the Interior et al., 
2017). Several studies have assessed the discrepancy in participation among the sexes. 
For example, female hunters often indicate similar constraints inhibiting them from 
participating in hunting as male hunters. Metcalf et al. (2015) found that female hunters 
in Oregon indicated that structural constraints (i.e., sites being too crowded, inadequate 
hunting areas, lack of game, sites being closed when they want to visit, complex rules and 
regulations, and not being able to afford to hunt) strongly limit them from hunting. These 
constraints indicated by Metcalf compare similarly to those indicated by populations 
dominated by male participants (Hinrichs, 2019). This suggests that there are other 
differences beyond constraints affecting male’s and female’s participation in hunting.  
Stedman and Heberlein (2001) indicated that females’ hunting participation is fostered 
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only in the context of primary family socialization; although primary socialization may 
be viewed as a sufficient condition for males to participate in hunting, it is an essential 
condition for female hunting participation. 
 Age, and more specifically generation, is another factor often cited to influence 
hunting participation. Research indicates generational differences in participation that are 
often attributed to the roles that generation can play in long-term social views of hunting, 
which affects the likelihood of becoming involved in hunting (Schorr et al., 2014; 
Winkler & Warnke, 2013). Winkler and Warnke (2013) suggested that the economic 
boom of the post-World War II period in the United States influenced the Baby Boomer 
generation, which coincided during a time when people generally had more free time and 
appreciated participation in outdoor recreation, wildlife populations had begun a serious 
recovery from prior depletions, when most Americans were still within one generation 
removed from rural living and retained access to open land, and masculinity was closely 
tied to providing for one’s family. However, more recent generations have come of age 
during increased urbanization, less free time for recreation and more emphasis on 
organized recreation like competitive sports leagues, and more home-based activities 
such as television, computers, video games, and social media and thus, have moved away 
from hunting-related activities. Adopting hunting as a wildlife recreational activity likely 
reflects generation-specific ideas about wildlife, masculinity and the importance of 
providing for one’s family, conservation and the value of nature, disposable income and 
recreation time, access to huntable land, and prevalence of education and programs that 
teach hunting (Dizard, 1999; Presser & Taylor, 2011; Duda et al. 1995).  
10 
 
  
In addition to individual-level covariates, research has also reported the influence 
of place of residence or rurality on hunting participation. Participation in hunting is 
greatest among Americans living in rural areas, and further, rates of participation in 
hunting have dropped faster for Americans living in large cities than elsewhere 
(Manfredo, 2008). In 2016, residents of the Metropolitan Statistical Areas (MSAs) with a 
population of 1 million or more, hunted at a rate of two percent of the population, as 
opposed to the 17 percent of the population who resided outside MSAs (U.S. Department 
of the Interior et al., 2017). Increased participation in rural areas can be attributed to the 
sociocultural value of hunting in rural communities, in addition to the tradition and social 
networks that support hunting in rural areas (Stedman & Decker, 1996), and more 
immediate opportunities for hunting (Hendee, 1969; Marks, 1991).    
 During initial drops in hunter participation during the 1980s, game populations 
were also experiencing declines (Schulz et al., 2003) suggesting that hunting opportunity 
may be an important influence on hunting participation. For example, when duck 
breeding populations reached record lows during the 1980s there was a similar decrease 
in waterfowl hunters (Vrtiska et al., 2013). Further, research suggests that harvest is a 
major driver of hunter satisfaction (Gruntorad, 2019; Bradshaw et al., 2019). Low game 
populations can lead to dissatisfied hunters and decreased participation (Enck et al., 2000; 
Schroeder et al., 2006).  Alternatively, increased opportunity to harvest game has the 
potential to lead to more satisfied hunters, and subsequently, increased hunter 
participation.  
Finally, it has been argued that a social support structure, or “social habitat” for 
hunting is important for participation (Warnke, 2008; Larson et al., 2014; Stedman, 2011) 
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with social forces at various levels potentially mitigating barriers or constraints to hunting 
(Larson et al., 2014). Conservation organizations (CO; see Chapter 3) may provide access 
to an important social habitat at both the micro (family) and meso (community) level. 
Further, CO membership may aid in developing a waterfowl hunter identity. Identifying 
as a waterfowl hunter has been posited as an important predictor of attitudes and 
behavior; individuals are likely to choose a leisure activity that provides opportunities for 
self-expression, allowing an individual to be perceived by others for who they really are 
(Dimanche & Samdahl, 1994). Facilitating a waterfowl hunter identity through CO 
membership has the potential to increase participation in the activity for individuals who 
are already waterfowl hunting.    
The objectives of this study were to 1) determine the effect of gender, generation, 
hunting opportunity, rurality, and Ducks Unlimited (DU) membership class (as an 
example of CO membership) on waterfowl hunter recruitment, retention, and license 
purchase probability, 2) estimate resident waterfowl hunter recruitment, retention, and 
license purchase probability, and 3) estimate resident waterfowl hunter population growth 
rate. Using state electronic licensing systems (ELSs), we extend the work conducted by 
Schorr et al. (2014) and Gude et al. (2012) and provide a detailed analysis of the 
waterfowl hunting populations in Kansas, Missouri, Montana, Nebraska, and South 
Dakota using mark-recapture methods. Estimating recruitment, retention, license 
purchase probability, and population growth rate, and understanding how different factors 
influence these parameters is essential information for wildlife management agencies. 
Further, using mark-recapture techniques to understanding hunter population dynamics is 
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a valuable approach for agencies to analyze state electronic licensing systems (Schorr et 
al., 2014; Winkler & Warnke, 2013). 
 
Hypotheses 
 
We tested the effects of five covariates that we hypothesized may influence 
waterfowl hunter parameters: gender, generation, hunting opportunity, rurality, and DU 
membership class. We included gender as a covariate to test the hypotheses that males 
have higher retention and license purchase probabilities than females (Hinrichs et al. 
2019; Martin & Miller, 2008; Thomas & Peterson, 1993), but that females have higher 
recruitment rates than males (Schorr et al., 2014). We included generation as a covariate 
to test the hypotheses that Baby Boomers have the highest retention and license purchase 
probabilities, followed by Generation X, Millennials, and Generation Z, but that 
Generation Z will have the highest recruitment rates, followed by Millennials, Generation 
X, and then Baby Boomers (Schorr et al., 2014; Winkler & Warnke, 2013).   
We included rurality to test the hypotheses that individuals from more rural areas 
will have higher recruitment, retention, and license purchase than individuals from urban 
areas (Manfredo, 2008; Stedman & Decker, 1996), and included hunting opportunity to 
test the hypotheses that individuals from areas with higher hunting opportunity will have 
higher recruitment, retention, and license purchase than individuals from areas with lower 
hunting opportunity (Bradshaw et al., 2019; Gruntoarad, 2019; Vrtiska et al., 2013; 
Schulz et al., 2003). Finally, we included DU membership class to test the hypotheses 
that hunters who also participate in DU will have increased retention and license 
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purchase probability than those who do not, based on their increased “social habitat” for 
hunting, and level of identity.     
 
Methods 
 
Purchase Histories  
We used state ELSs from Kansas, Missouri, Nebraska, and South Dakota to create 
purchase histories for resident waterfowl hunters made up of “0s” and “1s”. We also used 
Montana’s state ELS to create purchase histories for resident migratory bird hunters, due 
to not being able to differentiate between waterfowl hunters and migratory bird hunters in 
general. Hunters were deemed a waterfowl hunter if they purchased the required 
combination of licenses and permits for their particular resident state (Table 2-1). For 
example, in Nebraska, a hunter was deemed a waterfowl hunter if they purchased both a 
state waterfowl stamp and a small game hunting license or a hunting-fishing combination 
license during a given year. Individuals were assigned a “1” in years when they 
purchased the required combination of permits, licenses, and/or stamps, and a “0” in 
years when the combination of permits, licenses, and/or stamps were not purchased. 
Covariates were collected from state ELSs, U.S. Department of Agriculture, Migratory 
Bird Parts Collection Survey (PCS; USFWS 2018), and the U.S. Census Bureau, and 
attached to each purchase history to determine what influence, if any, they had on 
waterfowl hunter parameters. If covariate information was not available the purchase data 
was filtered out and not included in the analysis.  
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Covariates 
We collected gender information from Nebraska’s ELS, and included two 
genders: male and female. We were only able to include gender in Nebraska’s sub 
models due to Nebraska being the only state to provide gender information. Birth year 
was also collected from each state’s ELS and used to determine individuals’ generation. 
To define generation, we used the distinct cut off years as described by Pew Research 
(Dimock, 2018). We included four generations: Baby Boomers (Born 1956-1964), 
Generation X (Born 1965-1980), Millennials (Born 1981-1996), and Generation Z (Born 
1997-Present). Rurality was broken down into 9 different categories and assigned based 
on zip code of residence, following the U.S. Department of Agriculture’s (2013) urban-
rural continuum, with one representing an urban center and nine representing the most 
rural counties.   
To measure hunting opportunity, we created a hunting opportunity index by 
calculating mean parts collected from 2002-2017 for each county, then standardizing the 
mean by total county area (U.S. Census Bureau, 2010). We grouped the raw indexes into 
seven categories (zero through six) based on quantiles and attached a hunting opportunity 
category to each purchase history based on county of residence. We defined hunting 
opportunity at the county level because research suggests that greater than half of all 
waterfowl hunting trips were within a person’s county of residence and >90% were 
within the state of residence (Devers et al., 2017). Given the generality that hunters are 
influenced by travel costs (Wszola et al. 2020), it suggests that hunters may likely stay in 
their area to harvest.    
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Finally, DU membership class was determined based on members' most recent 
membership code. Membership codes were determined by matching the state ELSs with 
the DU membership database by first name, last time, birth year, and zip code. We only 
allowed for full matches, ignoring any partials. DU membership was broken into six 
different categories with each category increasing in participation level. Non-participants 
were coded as a one, these are individuals who had never participated in DU. Greenwings 
were coded as a two, these are individuals who purchased a Greenwing, or youth DU (11 
years or younger), membership at some point during their purchase history. Regular 
members were coded as a four, these are individuals who purchased a regular DU 
membership at least once over the years included in their purchase history. Regular 
members who also invested their time volunteering were coded as a five. Sponsors, or 
individuals who donate more than regular members, were coded as a six, and sponsors 
who also volunteer were coded as a seven. Finally, individuals donating the most money, 
or major sponsors, were coded as an eight.  
 
Data Analysis  
We analyzed the purchase histories using a Pradel model (Pradel, 1996), in a 
mark-recapture framework. We used the Pradel model because it allowed us to estimate 
four parameters of interest: recruitment, apparent survival or retention, recapture rate or 
license purchase probability, and population growth rate. Recruitment rate is the rate at 
which groups in the waterfowl hunting population first purchase the required 
combination of permits, licenses, and or stamps in their state, and is a function of the 
previous year’s population size (Figure 2-1; Schorr et al., 2014). For example, if male 
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waterfowl hunters have a recruitment rate of 0.10 in 2015, and there were 100 male 
waterfowl hunters in the waterfowl hunting population in 2014, 10 new male waterfowl 
hunters were recruited into the waterfowl hunting population in 2015. Apparent survival, 
which is equivalent to retention, is the probability than an individual in retained in the 
“larger” waterfowl hunting population from one year to the next (Figure 2-1; Schorr et 
al., 2014). The larger waterfowl hunting population not only includes individuals who 
purchase a license every year, but also those who purchase a license every other year, or 
even every few years. If female waterfowl hunters have a retention probability of 0.70 in 
2015, and there were 100 female waterfowl hunters in 2015, 70 female waterfowl hunters 
were retained from 2014 to 2015. Recapture rate or license purchase probability is the 
probability that individuals purchase the required permits, licenses, and/or stamps to be a 
waterfowl hunter in a given year, conditional on the individual being retained as a hunter 
from one year to the next (Figure 2-1; Schorr et al., 2014). If male waterfowl hunters 
have a license purchase probability of 0.65 in 2015, and there 100 male waterfowl 
hunters were retained from 2014 to 2015, 65 of those 100 male waterfowl hunters 
purchased the required permits to be a waterfowl hunter in 2015. 
  Population growth rate is the rate that the larger waterfowl hunting population is 
changing, with values >1 indicating an increasing population.  Population growth rate, 
like recruitment, is a function of the previous year’s population size, and is derived by 
adding recruitment rate and retention probability. Future population growth rate was 
projected based on the rate of change estimated with a linear model.  
We incorporated covariates into the sub-models for recruitment, retention, and 
license purchase probability to determine if they had any influence on the parameters 
17 
 
  
(significant beta values). We also allowed recruitment, retention, and license purchase 
probability to vary by time, allowing for yearly estimates. We developed and compared 
14,500 different models, for each state (127,008 for Nebraska), made up of additive 
combinations of the covariates using RMark (Laake, 2013), and compared models based 
on Akaike’s Information Criterion (AIC) and model weight (wi; Burnham and Anderson 
2002). This work was completed utilizing the Holland Computing Center (HCC) of the 
University of Nebraska, which receives support from the Nebraska Research Initiative. 
All analysis was completed on Anvil (Holland Computing Center, 2019), which is the 
HCC’s cloud computing resource, based on the OpenStack software. Anvil allowed us to 
utilize up to 32 CPU’s, 60 GB of RAM, and 3 TB of storage.   
 
Results 
 
Waterfowl Hunter License Trends  
Kansas  
A total of 402,871 individuals purchased the permits required to be a waterfowl 
hunter in Kansas (Table 2-1) at least once from 2008 to 2017. In 2008, 38,299 resident 
hunters purchased the required permits. The number of hunters peaked in 2014 with 
43,653 individuals purchasing the required permits, but by 2017, had dropped down to 
38,099 individuals.  In 2008 Baby Boomers made up the greatest proportion of license 
purchasers (0.34), but the proportion of Baby Boomer license purchasers decreased each 
year.  Gen Z made up the smallest proportion of license purchasers in 2008 (0.004), but 
the proportion of Gen Z individuals purchasing licenses increased each year. In any given 
18 
 
  
year the majority of individuals who purchased the permits required to be a waterfowl 
hunter in Kansas had never participated in DU (over 85% nonparticipants), 9% were 
regular DU members, and less than 1% were regular members who volunteer, sponsors, 
sponsors who volunteer, or major sponsors.   
 
Missouri 
A total of 1,110,584 individuals purchased the permits required to be a waterfowl 
hunter in Missouri (Table 2-1) at least once from 2001 to 2016. The number of waterfowl 
hunters purchasing the required permits has remained relatively stable from 2001 to 
2016.  In 2001 Baby Boomers made up the greatest proportion of license purchasers 
(0.41), but the proportion of Baby Boomers purchasing licenses decreased each year.  
Gen Z did not have any individuals purchasing licenses until 2008 (.001 of the 
population), but the proportion of Gen Z license purchasers increased each year. In any 
given year the majority of individuals who purchased the permits required to be a 
waterfowl hunter in Missouri had never participated in DU (over 88% nonparticipants), 
9% were regular DU members, 2% were regular members who also volunteer, and 
finally, 1% were sponsors, sponsors who volunteer, or major sponsors.   
 
Montana 
A total of 660,840 individuals purchased the permits required to be a migratory 
bird hunter in Montana (Table 2-1) at least once from 2003 to 2017. In 2003, 38,472 
migratory bird hunters purchased the required permits. The number of hunters peaked in 
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2015 with 55,515 individuals purchasing the required permits, but by 2017, had dropped 
down to 22,614 individuals.  Baby Boomers have made up the greatest proportion of 
license purchasers since 2003.  Gen Z did not have any individuals purchasing licenses 
until 2009, but the proportion of Gen Z license purchasers increased each year. In any 
given year the majority of individuals who purchased the permits required to be a 
waterfowl hunter in Montana had never participated in DU (over 94% nonparticipants), 
3% were regular DU members, 2% were regular members who also volunteer, and 
finally, 1% were sponsors, sponsors who volunteer, or major sponsors.   
Nebraska 
A total of 209,298 individuals purchased the permits required to be a waterfowl 
hunter in Nebraska (Table 2-1) at least once from 2010 to 2016. In 2010, 27,126 resident 
hunters purchased the required permits. The number of hunters peaked in 2011 with 
27,292 individuals purchasing the required permits, but by 2017, had dropped down to 
23,184 individuals.  In 2010 Baby Boomers made up the greatest proportion of license 
purchasers (0.37), but the proportion of Baby Boomer license purchasers decreased each 
year.  Gen Z made up the smallest proportion of license purchasers in 2010 (0.002), but 
the proportion of Gen Z purchasing licenses increased each year. In any given year the 
majority of individuals who purchased the permits required to be a waterfowl hunter in 
Nebraska had never participated in DU (over 83% nonparticipants), 11% were regular 
DU members, 2% were regular members who also volunteered, and less than 1% were, 
sponsors, sponsors who volunteer, or major sponsors.   
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South Dakota 
A total of 362,871 individuals purchased the permits required to be a waterfowl 
hunter in South Dakota (Table 2-1) at least once from 2005 to 2016. In 2005, 31,658 
waterfowl hunters purchased the required permits. Since 2005 the number of individuals 
purchasing required permits has steadily declined, with only 26,898 individuals 
purchasing the required permits in 2016. Baby Boomers made up the greatest proportion 
of license purchasers from 2005-2007, but since 2007 Millennials have made up the 
biggest proportion of license purchasers (0.33). Gen Z did not have any individuals 
purchasing licenses until 2009, but the proportion of Gen Z in the population increased 
each year. In any given year the majority of individuals who purchased the permits 
required to be a waterfowl hunter in South Dakota had never participated in DU (over 
89% nonparticipants), 8% were regular DU members, 2% were regular members who 
also volunteer, and finally, 1% were sponsors, sponsors who volunteer, or major 
sponsors.   
 
Model Comparisons 
For Nebraska and Kansas, the most supported model was the global model (Table 
2-2), which indicated that recruitment rate, retention probability, and license purchase 
probability were influenced by all covariates. In Missouri, generation was not included in 
the recruitment sub-model, in South Dakota, rurality was not included in the retention 
sub-model, and in Montana, time was not included in the recruitment sub-model and 
rurality was not included in the license purchase sub-model. 
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Covariate Effects and Parameter Estimates 
Gender  
Based on the top model for Nebraska waterfowl hunters, we found that being a 
male hunter increased the probability of hunter retention and license purchase compared 
to females. However, females were recruited into the waterfowl hunting population at a 
greater rate than males (Table 2-3). In 2015, male millennial waterfowl hunters in 
Nebraska from the most rural areas with high hunting opportunity (which make up the 
largest proportion of the waterfowl hunting population in Nebraska) had a recruitment 
rate of 0.11 (0.10 -0.12; Figure 2-4), retention probability of 0.78 (0.77-0.80; Figure 2-2), 
and license purchase probability of 0.74 (0.72-0.75; Figure 2-3). Female waterfowl 
hunters of the same demographic had a recruitment rate of 0.21 (0.19-0.23), retention 
probability of 0.65 (0.63-0.67), and license purchase probability of 0.64 (0.62-0.67).  
 
Generation 
 For most states, being from a younger generation had a negative impact on 
retention, but a positive impact on recruitment rate (Table 2-4), as compared to Baby 
Boomers. For license purchase probability in Kansas, Missouri, and South Dakota we 
found trends similar to retention with membership in a generation other than baby 
boomers having a negative impact on license purchase. Alternatively, in Montana and 
Nebraska we found that while being a millennial or member of Generation X had a 
negative impact on license purchase probability compared to Baby Boomers, being a 
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member of Generation Z had a positive impact on license purchase (Table 2-4). In 2015, 
male waterfowl hunters in Missouri from the most rural areas with high hunting 
opportunity, and who had never participated in DU, showed decreasing license purchase 
probability estimates from baby boomers to Generation Z, with baby boomers at 0.79 
(0.78-0.80; Figure 2-5), Generation X at 0.77 (0.76-0.78), Millennials at 0.74 (0.72-0.75), 
and Generation Z at 0.66 (0.63-0.69). Conversely, for waterfowl hunters from the same 
demographic in Nebraska, we found that individuals in Generation Z had the highest 
license purchase probability at 0.81 (0.78-0.83; Figure 2-6), followed by Baby Boomers 
at 0.79 (0.78-0.80), Generation X at 0.76 (0.74-.77), and finally Millennials, who had the 
lowest license purchase probability, at 0.74 (0.72-0.75). 
 
Hunting Opportunity & Rurality 
While we did see significant differences across hunting opportunity and rurality 
levels, the differences were marginal for all states (Table 2-5 and Table 2-6). In Nebraska 
in 2015, retention probability ranged from 0.77-0.80 over the range of hunting 
opportunity levels (Figure 2-7). Similarly, in 2015 in Kansas retention probability ranged 
from 0.78-0.84 over the range of rurality categories (Figure 2-8).   
 
DU Membership Class 
For all states, we found that DU membership increased retention and license 
purchase probability (Table 2-7 Individuals who were DU members and also volunteers 
had even higher retention and purchase probabilities. In 2015, waterfowl hunters in 
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Kansas who had never participated in DU had a retention probability of 0.83 (0.81-0.84; 
Figure 2-9) and license purchase probability of 0.70 (0.69-0.72;Figure 2-10), waterfowl 
hunters who were also regular DU members had a retention probability of  0.92 (0.91-
0.93; Figure 2-9) and license purchase probability of 0.85 (0.84-0.86; Figure 2-10), and 
waterfowl hunters who were also DU members that volunteered had a retention 
probability of 0.95 (0.93-0.96; Figure 2-9) and a license purchase probability of 0.90 ( 
0.89 – 0.91; Figure 2-10).   
 
Time  
For all states we found declines in recruitment and retention rates over time 
(Table 2-8).  In Missouri, we found that recruitment decreased from 0.43 (0.40-0.46) in 
2002 to 0.08 (0.08-0.09) in 2015 (Figure 2-11). Conversely, while we found that license 
purchase probability decreased in early years, in recent years it recovered (Table 2-8). In 
South Dakota, we found that license purchase probability decreased from 0.70 (0.66-
0.73) in 2005 to 0.61 (0.60-0.62) in 2011, then recovered in 2015 at 0.72 (0.72-0.73; 
Figure 2-12).   
 
Population Growth Rate 
Despite most states experiencing decreasing in the individuals purchasing hunting 
licenses, we found in most states, that the larger waterfowl hunter population has been 
increasing (λ > 1.0; Figure 2-13), though the geometric mean of lambda estimates has 
been decreasing over time. When population growth rate is predicted from 2016 to 2025, 
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we see the decreasing lambda trends exacerbated. In Nebraska, rates decrease from 0.88 
(± 0.00 SE) in 2016 to 0.28 (± 0.00 SE) in 2025.   
 
Discussion  
 
To avoid the ramifications associated with decreased participation in waterfowl 
hunting and achieve the additional NAWMP goal, an empirical examination of the 
population dynamics of waterfowl hunters was needed. Our results confirmed some of 
our hypotheses about the waterfowl hunting population. Consistent with Schorr et al. 
(2014), we found that males have higher retention and license purchase probabilities than 
females, most likely due to waterfowl hunting being a male dominated sport. Again, 
similar to Schorr et al. (2014), we found that females have higher recruitment rates 
compared to males. While increased female recruitment rates can be attributed to female 
hunters having smaller population sizes compared to males, if female recruitment rates 
rise in the future this could suggest that female-specific recruitment strategies for women 
may be effective. In most states, we found that individuals in Generation Z had the 
highest recruitment rates, followed by Millennials, Generation X, and finally Baby 
Boomers. Focused efforts have been made to increase youth recruitment into the hunting 
population since the 1980s (DiCamillo & Schaefer, 2000; Enck et al., 2000). High 
Generation Z recruitment rates could be evidence that the increased focus on the 
recruitment of youth into the hunter population had been effective.  
Inconsistent with some previous research, we found that rurality’s influence on 
waterfowl hunting parameters was small, if not negligible. While this could be due to 
differencing definitions of rurality, or anomalies in the states that were included in our 
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study, it may also lend credence to the argument that not all individuals who live in rural 
areas are as similar as we assume. Rural places may be characterized more by their 
diversity than by their behaviors, attitudes, and values (Stedman & Heberlein, 2001). 
Further, individuals’ behaviors, attitudes, and values in relation to rurality may be 
contingent on other variables such as gender, race, or occupation (Stedman & Heberlein, 
2001). Similar to rurality, we found that while hunting opportunity did have an influence 
on waterfowl hunting parameters the influence was small, arguably negligible. Again, 
this may be due to how we defined hunting opportunity. Even if individuals do not reside 
in an area with high hunting opportunity, they may be willing to travel to areas where 
they will be successful in harvesting.   
Our results highlight the importance of DU membership class, with membership 
having a large influence on retention and license purchase probabilities. Furthermore, we 
found that increasing membership class, to a class the includes volunteering, has 
additional positive influences on waterfowl hunter parameters. The increase in retention 
and license purchase is most likely due to the increased social support and participation 
network that waterfowl hunters who also participate in DU have access to. In other 
words, DU provides the social habitat hunters require to continue participating in the 
activity. Further, DU membership may facilitate forming a waterfowl hunter identity or 
may come as a next step once waterfowl hunters have formed that waterfowl hunting 
identity. While further exploration will be required to determine how waterfowl hunters 
and DU members move through the hunter/conservationist system, DU membership has 
the potential to increase participation in the activity for individuals who are already 
waterfowl hunting. Though it was not tested here, DU membership may also allow for 
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increased recruitment into the waterfowl hunting population. An individual’s social circle 
may influence what activities an individual does as well as that individual’s behavior 
related to a leisure activity (Grams, 2018). Through DU, individuals who have never 
hunted before can interact with hunters, which may lead to themselves identifying as a 
hunter and deciding to participate in the activity. Our results suggest that continued and 
even increased collaboration between state agencies and conservation organizations will 
be beneficial for increasing waterfowl hunter participation, and potentially participation 
in other hunting activities. The influence of DU membership on waterfowl hunting 
parameters begs the question: do other hunters (e.g., pheasant hunters, turkey hunters) 
experience increases in participation when participating in conservation organizations 
(e.g. Pheasants Forever, National Wild Turkey Federation)? 
Finally, while declines in hunter participation have been noted since the 1980s, 
we found that on average all states have growing waterfowl hunter populations (MO 
λ=1.10 , KS λ=1.10, SD λ =1.10, KS λ=1.10, MT = 1.06, NE = 1.08). Suggesting that we 
are not losing large numbers of hunters, and instead, that hunters are becoming more 
sporadic, or that the new hunters we are recruiting are not becoming avid participants. 
Though waterfowl hunter populations are increasing growth rates suggest that the 
increase in waterfowl hunter populations is not-sustainable in all states, similar to deer 
and elk hunters in Montana (Schorr et al., 2014),  with lambda predicted to decrease 
yearly for all states but Kansas. Differences between states provide an opportunity to 
explore what states with growing populations are doing in regard to R3, to determine if 
similar strategies can be implemented in states with decreasing populations. For example, 
if Missouri, Kansas, or South Dakota are implementing specific programs that Montana 
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could adopt, there is potential to kick-start the growth of Montana’s waterfowl hunting 
population.   
Estimating recruitment, retention, license purchase probability, and population 
growth rate, and understanding how different factors influence these parameters is 
essential information for wildlife management agencies. With specific estimates and 
identified factors influencing the waterfowl hunting population, states can begin to target 
specific groups with recruitment and retention programs. For example, agencies may 
want to create recruitment programs aimed at females in Generation Z, a group with low 
recruitment rates compared to other groups, or work with conservation organizations, 
such as DU, to get waterfowl hunters who have never participated in DU to attend a 
banquet or other event with the intention of recruiting new DU members, and 
subsequently, increasing hunter retention. 
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Tables  
 
Table 2-1. State specific waterfowl hunting license requirements for Nebraska, Missouri, 
Kansas, South Dakota, and Montana. Columns represent the permits, stamps, and or 
licenses required by each state (in additional to the federal duck stamp), and the rows 
represent each state.    
 
State State Waterfowl Hunting Requirements 
Nebraska 
Small game hunting permit or hunting finishing 
combination permit and state waterfowl stamp. 
Missouri Small game permit and migratory bird hunting permit 
Kansas Hunting license and state waterfowl stamp 
South Dakota 
Small game license or combination license and South 
Dakota Migratory Bird Certification 
Montana Base hunting license and migratory bird license 
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Table 2-2. Model selection results of the top two a priori models of hunter retention (Phi), 
license purchase probability (p), and recruitment rate (f) for waterfowl hunters from 
Nebraska, Missouri, Kansas, South Dakota, and Montana.  
                                                 
a Covariates evaluated included gender, generation (gen), hunting opportunity, rurality, DU membership 
class (class) and year (time). Phi represents hunter retention probability , p represents hunter license 
purchase probability, and f represents hunter recruitment rate.     
b Akaike's Information Criterion 
c AICc difference 
d AICc model weight 
e parameters 
State 
Model  
namea AICcb ΔAICcc wid Ke 
Nebraska 
 Phi(gender + 
hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(gender + hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gender + hunting 
opportunity + gen 
+ rurality + time) 
 
431767.2 0.000 1 85 
 Phi(gender + 
hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(gender + hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gender + gen + 
rurality + time) 
 
431799.1 31.897 0 79 
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Missouri 
 Phi(hunting 
opportunity + 
rurality + class + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f f(gen + rurality + 
hunting 
opportunity + 
time) 
672073 0.000 1 106 
  
Phi(gen + rurality 
+ class + hunting 
opportunity + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gen + rurality + 
time) 
 
672123 50.000 0 103 
Kansas 
 Phi(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(hunting 
opportunity + gen 
+ rurality + time) 
531885.5 0 1 91 
 Phi(gen + rurality 
+ hunting 
531850.7 34.800 0 85 
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opportunity + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gen + rurality + 
hunting 
opportunity + 
time) 
 
South Dakota 
 Phi(gen + class + 
hunting 
opportunity + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gen + rurality + 
hunting 
opportunity + 
time) 
 
592536.4 0.000 1 83 
 Phi(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(gen + class + 
hunting 
opportunity + 
time) 
 
f(gen + rurality + 
hunting 
opportunity + 
time) 
 
592640.9 104.540 0 83 
Montana 
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 Phi(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
f(gen + rurality + 
hunting 
opportunity + 
time) 
 
587532.1 0.000 1 91 
 Phi(hunting 
opportunity + gen 
+ rurality + class + 
time) 
 
p(gen + class + 
hunting 
opportunity + 
time) 
 
f(gen + rurality + 
hunting 
opportunity + 
time) 
587550.4 18.368 0 86 
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Table 2-3. Gender-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for Nebraska waterfowl hunters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
Parametera Gender β SE LCI 
UCI 
 
Nebraska 
f Male -0.698 0.026 -0.750 -0.647 
Phi Male 0.681 0.029 0.624 0.738 
p Male 0.445 0.043 0.360 0.530 
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Table 2-4. Generation-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters from 
Nebraska, Missouri, Kansas, South Dakota, and Montana.  
Parametera Generation β SE LCI UCI 
 Nebraska 
f Generation X 0.266 0.021 0.225 0.307 
f Millennials 0.711 0.019 0.673 0.748 
f Generation Z 2.363 0.030 2.305 2.421 
Phi Generation X -0.007 0.016 -0.038 0.024 
Phi Millennials -0.099 0.016 -0.130 -0.069 
Phi Generation Z -0.206 0.040 -0.284 -0.128 
p Generation X -0.165 0.018 -0.201 -0.130 
p Millennials -0.281 0.019 -0.318 -0.244 
p Generation Z 0.215 0.074 0.070 0.361 
Missouri 
f Generation X 0.197 0.014 0.169 0.225 
f Millennials 0.914 0.013 0.888 0.940 
f Generation Z 2.487 0.029 2.430 2.544 
p Generation X -0.106 0.012 -0.129 -0.083 
p Millennials -0.280 0.013 -0.306 -0.255 
p Generation Z -0.653 0.056 -0.762 -0.543 
Kansas 
f Generation X 0.251 0.021 0.211 0.292 
f Millennials 1.928 0.026 1.876 1.980 
f Generation Z 0.699 0.018 0.663 0.735 
Phi Generation X -0.061 0.019 -0.098 -0.024 
Phi Millennials -0.189 0.045 -0.277 -0.102 
Phi Generation Z -0.183 0.018 -0.218 -0.149 
f Generation X -0.093 0.014 -0.122 -0.065 
f Millennials -0.221 0.034 -0.288 -0.154 
f Generation Z -0.088 0.014 -0.115 -0.060 
South Dakota 
f Generation X 0.247 0.021 0.207 0.288 
f Millennials 0.700 0.018 0.665 0.736 
f Generation Z 2.292 0.023 2.247 2.336 
Phi Generation X -0.069 0.018 -0.106 -0.033 
Phi Millennials -0.283 0.017 -0.315 -0.250 
Phi Generation Z -0.438 0.035 -0.506 -0.369 
p Generation X -0.205 0.013 -0.231 -0.178 
p Millennials -0.447 0.013 -0.472 -0.422 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera Generation β SE LCI UCI 
 p Generation Z -0.192 0.028 -0.248 -0.137 
Montana 
 
 
 
 
 
 
 
 
 
 
 
 
f Generation X -0.536 0.018 -0.572 -0.501 
f Millennials -0.419 0.015 -0.449 -0.389 
f Generation Z 1.328 0.015 1.299 1.357 
Phi Generation X 0.245 0.019 0.208 0.282 
Phi Millennials -0.322 0.015 -0.351 -0.293 
Phi Generation Z -0.940 0.022 -0.982 -0.897 
p Generation X -0.192 0.015 -0.222 -0.163 
p Millennials -0.605 0.015 -0.635 -0.575 
p Generation Z 0.295 0.026 0.244 0.346 
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Table 2-5. Hunting opportunity category-specific beta values (β), standard errors (SE), 
lower confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl 
hunters from Nebraska, Missouri, Kansas, South Dakota, and Montana.  
Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
Nebraska 
 
f 1 0.045 0.043 -0.038 0.129 
f 2 -0.009 0.053 -0.113 0.095 
f 3 -0.035 0.048 -0.130 0.060 
f 4 -0.091 0.045 -0.179 -0.004 
f 5 0.047 0.047 -0.044 0.138 
f 6 -0.072 0.047 -0.163 0.020 
Phi 1 0.052 0.037 -0.021 0.125 
Phi 2 0.140 0.047 0.049 0.232 
Phi 3 0.120 0.042 0.037 0.202 
Phi 4 0.127 0.039 0.051 0.203 
Phi 5 0.061 0.041 -0.019 0.141 
Phi 6 0.213 0.041 0.133 0.294 
p 1 0.067 0.044 -0.019 0.153 
p 2 0.152 0.055 0.044 0.261 
p 3 0.249 0.050 0.151 0.347 
p 4 0.115 0.045 0.026 0.204 
p 5 0.198 0.048 0.103 0.292 
p 6 0.287 0.048 0.192 0.381 
Missouri 
 
f 1 -0.020 0.027 -0.073 0.033 
f 2 -0.066 0.028 -0.121 -0.011 
f 3 -0.037 0.029 -0.095 0.021 
f 4 -0.128 0.035 -0.196 -0.060 
f 5 -0.038 0.032 -0.102 0.025 
f 6 -0.154 0.027 -0.207 -0.101 
Phi 1 0.010 0.028 -0.045 0.066 
Phi 2 0.033 0.029 -0.024 0.089 
Phi 3 -0.088 0.030 -0.148 -0.029 
Phi 4 0.098 0.035 0.029 0.168 
Phi 5 -0.052 0.034 -0.117 0.014 
Phi 6 0.131 0.028 0.076 0.185 
p 1 0.016 0.025 -0.032 0.064 
p 2 0.134 0.025 0.085 0.184 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
p 3 0.071 0.027 0.018 0.124 
p 4 0.232 0.031 0.171 0.293 
p 5 0.118 0.030 0.059 0.177 
p 6 0.320 0.024 0.273 0.368 
Kansas 
 
f 1 0.022 0.055 -0.085 0.129 
f 2 -0.010 0.058 -0.125 0.104 
f 3 0.098 0.057 -0.013 0.209 
f 4 -0.071 0.059 -0.186 0.044 
f 5 0.118 0.056 0.008 0.229 
f 6 -0.130 0.064 -0.256 -0.004 
Phi 1 -0.090 0.059 -0.207 0.026 
Phi 2 -0.058 0.064 -0.182 0.067 
Phi 3 -0.203 0.062 -0.324 -0.082 
Phi 4 -0.057 0.063 -0.181 0.067 
Phi 5 -0.177 0.061 -0.297 -0.056 
Phi 6 0.029 0.069 -0.106 0.164 
p 1 0.078 0.040 -0.001 0.158 
p 2 0.009 0.044 -0.077 0.096 
p 3 0.122 0.043 0.039 0.206 
p 4 0.106 0.044 0.020 0.192 
p 5 0.067 0.042 -0.016 0.150 
p 6 0.193 0.047 0.101 0.285 
South Dakota 
 
f 1 -0.351 0.024 -0.398 -0.303 
f 2 -0.315 0.032 -0.378 -0.252 
f 3 -0.579 0.042 -0.660 -0.497 
f 4 -0.535 0.052 -0.636 -0.434 
f 5 -0.376 0.022 -0.419 -0.332 
f 6 -0.573 0.026 -0.625 -0.521 
Phi 1 0.149 0.025 0.099 0.199 
Phi 2 0.132 0.033 0.066 0.197 
Phi 3 0.298 0.040 0.220 0.377 
Phi 4 0.314 0.052 0.212 0.417 
Phi 5 0.114 0.024 0.066 0.162 
Phi 6 0.270 0.024 0.223 0.318 
p 1 0.174 0.021 0.133 0.216 
p 2 0.109 0.028 0.055 0.163 
p 3 0.308 0.032 0.245 0.371 
p 4 0.264 0.040 0.185 0.342 
p 5 0.252 0.020 0.213 0.290 
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Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
p 6 0.373 0.023 0.328 0.418 
Montana 
f 1 -0.071 0.019 -0.108 -0.034 
f 2 -0.118 0.020 -0.158 -0.078 
f 3 -0.115 0.026 -0.166 -0.065 
f 4 -0.034 0.045 -0.122 0.054 
Phi 1 0.174 0.021 0.132 0.215 
Phi 2 0.337 0.023 0.292 0.382 
Phi 3 0.241 0.029 0.185 0.298 
Phi 4 0.127 0.052 0.025 0.229 
p 1 0.168 0.022 0.125 0.211 
p 2 0.249 0.023 0.204 0.294 
p 3 0.218 0.028 0.162 0.274 
p 4 -0.382 0.051 -0.482 -0.281 
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Table 2-6. Rurality category-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Nebraska, Missouri, Kansas, South Dakota, and Montana.  
Parametera 
Rurality 
Category β SE LCI UCI 
Nebraska 
f 3 -0.088 0.035 -0.158 -0.019 
f 4 -0.098 0.033 -0.162 -0.033 
f 5 -0.156 0.032 -0.218 -0.094 
f 6 0.060 0.044 -0.026 0.146 
f 7 -0.121 0.031 -0.181 -0.061 
f 8 -0.022 0.048 -0.117 0.072 
f 9 -0.093 0.033 -0.158 -0.028 
Phi 3 0.043 0.031 -0.018 0.105 
Phi 4 0.093 0.029 0.036 0.150 
Phi 5 0.219 0.028 0.164 0.273 
Phi 6 -0.051 0.039 -0.128 0.026 
Phi 7 0.134 0.027 0.080 0.188 
Phi 8 0.003 0.042 -0.079 0.086 
Phi 9 0.114 0.029 0.057 0.172 
p 3 0.015 0.036 -0.056 0.086 
p 4 0.180 0.034 0.113 0.247 
p 5 0.234 0.032 0.171 0.298 
p 6 -0.015 0.046 -0.106 0.076 
p 7 0.285 0.033 0.221 0.349 
p 8 -0.134 0.048 -0.228 -0.040 
p 9 0.187 0.035 0.119 0.255 
Missouri 
f 2 0.106 0.027 0.052 0.159 
f 3 -0.057 0.019 -0.095 -0.019 
f 4 -0.102 0.028 -0.157 -0.048 
f 5 0.063 0.037 -0.009 0.136 
f 6 -0.121 0.018 -0.156 -0.086 
f 7 -0.175 0.024 -0.222 -0.128 
f 8 -0.050 0.041 -0.131 0.031 
f 9 -0.088 0.030 -0.147 -0.029 
Phi 2 -0.161 0.029 -0.217 -0.104 
Phi 3 -0.041 0.020 -0.080 -0.002 
Phi 4 -0.013 0.028 -0.068 0.043 
Phi 5 -0.149 0.039 -0.225 -0.073 
Phi 6 0.014 0.018 -0.022 0.050 
Phi 7 0.008 0.024 -0.039 0.055 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera 
Rurality 
Category β SE LCI UCI 
Phi 8 -0.059 0.042 -0.141 0.023 
Phi 9 -0.053 0.031 -0.113 0.007 
p 2 -0.254 0.027 -0.306 -0.202 
p 3 -0.079 0.017 -0.113 -0.045 
p 4 0.086 0.025 0.037 0.135 
p 5 -0.114 0.036 -0.185 -0.043 
p 6 -0.070 0.016 -0.100 -0.039 
p 7 0.000 0.021 -0.041 0.040 
p 8 -0.248 0.036 -0.319 -0.177 
p 9 0.059 0.028 0.005 0.113 
Kansas 
f 2 -0.167 0.029 -0.224 -0.111 
f 3 -0.113 0.032 -0.176 -0.050 
f 4 -0.137 0.034 -0.203 -0.070 
f 5 -0.257 0.033 -0.321 -0.193 
f 6 -0.217 0.036 -0.288 -0.146 
f 7 -0.397 0.031 -0.458 -0.335 
f 8 -0.186 0.073 -0.329 -0.043 
f 9 -0.306 0.035 -0.375 -0.236 
Phi 2 0.229 0.031 0.168 0.289 
Phi 3 0.099 0.034 0.031 0.166 
Phi 4 0.163 0.036 0.092 0.234 
Phi 5 0.280 0.035 0.213 0.348 
Phi 6 0.182 0.038 0.106 0.257 
Phi 7 0.387 0.033 0.323 0.452 
Phi 8 0.256 0.080 0.099 0.413 
Phi 9 0.385 0.038 0.311 0.459 
p 2 -0.078 0.025 -0.126 -0.029 
p 3 -0.032 0.028 -0.088 0.024 
p 4 -0.039 0.029 -0.097 0.019 
p 5 -0.007 0.027 -0.061 0.046 
p 6 -0.086 0.031 -0.146 -0.026 
p 7 0.041 0.026 -0.010 0.092 
p 8 -0.197 0.061 -0.316 -0.078 
p 9 -0.059 0.029 -0.116 -0.003 
South Dakota 
f 5 0.065 0.022 0.023 0.108 
f 6 0.137 0.029 0.079 0.195 
f 7 0.053 0.020 0.014 0.092 
f 8 -0.048 0.035 -0.118 0.021 
f 9 -0.020 0.021 -0.061 0.020 
p 5 0.196 0.019 0.159 0.233 
p 6 -0.120 0.027 -0.173 -0.068 
p 7 0.084 0.017 0.050 0.118 
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Parametera 
Rurality 
Category β SE LCI UCI 
p 8 0.114 0.031 0.053 0.176 
p 9 0.050 0.018 0.016 0.085 
Montana 
f 5 0.002 0.016 -0.029 0.034 
f 6 0.083 0.024 0.037 0.130 
f 7 -0.021 0.018 -0.057 0.015 
f 8 0.051 0.025 0.002 0.100 
f 9 -0.008 0.022 -0.051 0.034 
Phi 5 -0.033 0.018 -0.068 0.002 
Phi 6 -0.020 0.027 -0.073 0.033 
Phi 7 0.004 0.021 -0.036 0.044 
Phi 8 -0.035 0.028 -0.090 0.021 
Phi 9 0.024 0.024 -0.024 0.071 
p 5 -0.010 0.017 -0.044 0.023 
p 6 -0.085 0.026 -0.136 -0.034 
p 7 0.050 0.020 0.012 0.089 
p 8 -0.050 0.028 -0.104 0.005 
p 9 -0.013 0.023 -0.059 0.032 
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Table 2-7. DU membership class-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Nebraska, Missouri, Kansas, South Dakota, and Montana.  
 
 
Parametera 
DU 
Membership 
Class β SE LCI UCI 
Nebraska 
 
Phi 2 1.261 0.735 -0.180 2.703 
Phi 4 0.527 0.027 0.473 0.581 
Phi 5 0.730 0.091 0.551 0.908 
Phi 6 0.021 0.231 -0.432 0.474 
Phi 7 0.933 0.332 0.283 1.583 
Phi 8 0.405 0.259 -0.104 0.913 
p 2 0.818 0.611 -0.380 2.016 
p 4 0.845 0.030 0.787 0.903 
p 5 1.038 0.091 0.860 1.217 
p 6 0.603 0.296 0.023 1.183 
p 7 1.411 0.363 0.700 2.121 
p 8 0.907 0.290 0.340 1.475 
Missouri 
Phi 2 0.695 0.121 0.457 0.932 
Phi 4 0.771 0.027 0.718 0.823 
Phi 5 0.768 0.065 0.641 0.896 
Phi 6 0.549 0.138 0.278 0.819 
Phi 7 0.916 0.161 0.600 1.232 
Phi 8 0.841 0.191 0.467 1.215 
p 2 0.651 0.143 0.370 0.931 
p 4 0.889 0.019 0.851 0.927 
p 5 1.389 0.052 1.287 1.491 
p 6 0.882 0.105 0.675 1.089 
p 7 1.369 0.119 1.136 1.601 
p 8 2.387 0.234 1.929 2.846 
Kansas 
Phi 2 0.382 0.110 0.165 0.598 
Phi 4 0.868 0.035 0.800 0.937 
Phi 5 1.292 0.104 1.088 1.497 
Phi 6 0.637 0.176 0.293 0.981 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p)  
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Parametera 
DU 
Membership 
Class β SE LCI UCI 
Phi 7 1.695 0.371 0.967 2.423 
Phi 8 1.315 0.412 0.506 2.123 
p 2 0.425 0.076 0.276 0.575 
p 4 0.870 0.021 0.829 0.911 
p 5 1.352 0.057 1.241 1.463 
p 6 1.005 0.117 0.775 1.234 
p 7 1.431 0.164 1.110 1.753 
p 8 1.811 0.269 1.284 2.338 
South Dakota 
Phi 2 0.386 0.102 0.186 0.585 
Phi 4 0.868 0.039 0.791 0.944 
Phi 5 0.888 0.089 0.713 1.063 
Phi 6 0.747 0.216 0.323 1.170 
Phi 7 0.537 0.273 0.001 1.073 
Phi 8 1.792 0.443 0.924 2.660 
p 2 0.612 0.079 0.457 0.767 
p 4 0.694 0.021 0.653 0.735 
p 5 0.731 0.047 0.639 0.823 
p 6 0.521 0.125 0.277 0.765 
p 7 1.450 0.233 0.992 1.907 
p 8 0.775 0.142 0.495 1.054 
Montana 
Phi 2 0.569 0.068 0.436 0.702 
Phi 4 1.161 0.051 1.062 1.260 
Phi 5 1.315 0.157 1.008 1.622 
Phi 6 1.603 0.283 1.047 2.158 
Phi 7 370.970 0.000 370.970 370.970 
Phi 8 2.289 0.723 0.872 3.706 
p 2 0.488 0.081 0.329 0.646 
p 4 0.983 0.029 0.926 1.041 
p 5 1.082 0.085 0.916 1.248 
p 6 1.156 0.151 0.860 1.453 
p 7 1.316 0.258 0.811 1.821 
p 8 2.284 0.366 1.566 3.003 
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Table 2-8. Year-specific beta values (β), standard errors (SE), lower confidence intervals 
(LCI), and upper confidence intervals (UCI) for waterfowl hunters from Nebraska, 
Missouri, Kansas, South Dakota, and Montana.  
 
 
Parametera Time β SE LCI UCI 
Nebraska 
f 2011 0.386 0.142 0.107 0.664 
f 2012 0.278 0.141 0.001 0.555 
f 2013 0.064 0.141 -0.213 0.341 
f 2014 -0.130 0.141 -0.407 0.147 
f 2015 -0.413 0.142 -0.691 -0.135 
f 2016 -0.763 0.141 -1.040 -0.486 
Phi 2011 -0.017 0.039 -0.093 0.060 
Phi 2012 -0.035 0.036 -0.106 0.037 
Phi 2013 -0.161 0.035 -0.230 -0.092 
Phi 2014 -0.290 0.034 -0.357 -0.223 
Phi 2015 -0.515 0.033 -0.580 -0.450 
Phi 2016 -1.256 0.029 -1.313 -1.198 
p 2011 0.183 0.073 0.041 0.325 
p 2012 -0.205 0.073 -0.348 -0.062 
p 2013 -0.223 0.073 -0.366 -0.080 
p 2014 -0.169 0.073 -0.312 -0.025 
p 2015 -0.018 0.073 -0.162 0.126 
p 2016 0.289 0.075 0.142 0.435 
p 2017 11.535 177.838 -337.027 360.097 
Missouri 
f 2002 0.724 0.166 0.399 1.049 
f 2003 0.233 0.167 -0.094 0.560 
f 2004 0.153 0.167 -0.174 0.480 
f 2005 0.046 0.167 -0.281 0.374 
f 2006 -0.021 0.167 -0.348 0.306 
f 2007 -0.238 0.168 -0.567 0.092 
f 2008 -0.287 0.168 -0.617 0.042 
f 2009 -0.405 0.169 -0.736 -0.074 
f 2010 -0.396 0.169 -0.726 -0.065 
f 2011 -0.280 0.167 -0.608 0.048 
f 2012 -0.359 0.167 -0.686 -0.031 
f 2013 -0.516 0.167 -0.843 -0.189 
f 2014 -0.768 0.168 -1.097 -0.439 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
48 
 
  
Parametera Time β SE LCI UCI 
f 2015 -0.947 0.166 -1.272 -0.622 
Phi 2002 0.205 0.058 0.092 0.319 
Phi 2003 0.119 0.051 0.018 0.220 
Phi 2004 0.169 0.054 0.064 0.274 
Phi 2005 0.274 0.056 0.164 0.384 
Phi 2006 0.172 0.054 0.067 0.277 
Phi 2007 0.076 0.052 -0.025 0.178 
Phi 2008 0.197 0.055 0.089 0.306 
Phi 2009 0.046 0.052 -0.056 0.147 
Phi 2010 0.140 0.055 0.033 0.248 
Phi 2011 0.085 0.054 -0.021 0.190 
Phi 2012 -0.122 0.049 -0.219 -0.026 
Phi 2013 -0.292 0.047 -0.384 -0.201 
Phi 2014 -0.371 0.053 -0.476 -0.266 
Phi 2015 -2.198 0.038 -2.273 -2.123 
p 2002 0.009 0.075 -0.138 0.156 
p 2003 -0.201 0.076 -0.350 -0.052 
p 2004 -0.494 0.076 -0.643 -0.346 
p 2005 -0.630 0.075 -0.778 -0.483 
p 2006 -0.554 0.075 -0.702 -0.407 
p 2007 -0.561 0.075 -0.709 -0.414 
p 2008 -0.658 0.075 -0.805 -0.510 
p 2009 -0.611 0.075 -0.759 -0.463 
p 2010 -0.634 0.075 -0.782 -0.486 
p 2011 -0.650 0.075 -0.798 -0.502 
p 2012 -0.501 0.076 -0.649 -0.353 
p 2013 -0.279 0.076 -0.428 -0.130 
p 2014 0.047 0.077 -0.103 0.198 
p 2015 0.014 0.079 -0.140 0.168 
p 2016 16.865 75.948 -131.992 165.722 
Kansas 
f 2009 0.710 0.147 0.422 0.999 
f 2010 0.392 0.147 0.103 0.680 
f 2011 0.404 0.147 0.116 0.692 
f 2012 0.211 0.147 -0.077 0.499 
f 2013 0.040 0.147 -0.249 0.328 
f 2014 -0.198 0.147 -0.487 0.091 
f 2015 -0.395 0.148 -0.685 -0.106 
f 2016 -0.484 0.149 -0.776 -0.192 
Phi 2009 -0.104 0.050 -0.201 -0.007 
Phi 2010 0.024 0.047 -0.069 0.117 
Phi 2011 0.036 0.049 -0.059 0.131 
Phi 2012 -0.097 0.046 -0.188 -0.006 
Phi 2013 -0.210 0.045 -0.298 -0.122 
Phi 2014 -0.550 0.041 -0.631 -0.470 
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Parametera Time β SE LCI UCI 
Phi 2015 -0.726 0.040 -0.805 -0.647 
Phi 2016 5.413 0.000 5.413 5.413 
p 2009 0.269 0.052 0.168 0.370 
p 2010 -0.131 0.052 -0.233 -0.029 
p 2011 -0.267 0.052 -0.368 -0.165 
p 2012 -0.333 0.052 -0.435 -0.231 
p 2013 -0.256 0.052 -0.358 -0.154 
p 2014 -0.101 0.052 -0.204 0.001 
p 2015 0.048 0.053 -0.055 0.151 
p 2016 0.328 0.054 0.222 0.433 
p 2017 -0.153 0.052 -0.255 -0.051 
South Dakota 
f 2006 0.729 0.243 0.253 1.206 
f 2007 0.374 0.243 -0.102 0.850 
f 2008 0.227 0.243 -0.249 0.703 
f 2009 0.007 0.243 -0.470 0.483 
f 2010 -0.041 0.243 -0.517 0.436 
f 2011 -0.193 0.243 -0.670 0.284 
f 2012 -0.237 0.243 -0.714 0.239 
f 2013 -0.307 0.243 -0.783 0.169 
f 2014 -0.408 0.243 -0.883 0.067 
f 2015 -0.425 0.243 -0.901 0.052 
Phi 2006 -0.008 0.053 -0.112 0.096 
Phi 2007 0.012 0.049 -0.084 0.107 
Phi 2008 -0.106 0.047 -0.197 -0.015 
Phi 2009 -0.037 0.047 -0.130 0.056 
Phi 2010 0.008 0.048 -0.087 0.103 
Phi 2011 0.003 0.049 -0.093 0.100 
Phi 2012 -0.180 0.046 -0.271 -0.090 
Phi 2013 -0.301 0.045 -0.390 -0.212 
Phi 2014 -0.779 0.042 -0.861 -0.697 
Phi 2015 11.778 82.365 -149.657 173.213 
p 2006 0.027 0.082 -0.134 0.188 
p 2007 -0.202 0.083 -0.364 -0.040 
p 2008 -0.326 0.082 -0.488 -0.165 
p 2009 -0.320 0.082 -0.482 -0.159 
p 2010 -0.377 0.082 -0.538 -0.216 
p 2011 -0.400 0.082 -0.561 -0.238 
p 2012 -0.364 0.082 -0.525 -0.202 
p 2013 -0.236 0.083 -0.397 -0.074 
p 2014 0.035 0.083 -0.128 0.197 
p 2015 0.107 0.084 -0.057 0.271 
p 2016 -0.389 0.083 -0.551 -0.226 
Montana 
Phi 2003 0.040 0.079 -0.116 0.195 
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Parametera Time β SE LCI UCI 
Phi 2004 0.047 0.070 -0.089 0.184 
Phi 2005 0.094 0.071 -0.045 0.233 
Phi 2006 -0.112 0.064 -0.238 0.015 
Phi 2007 0.379 0.077 0.229 0.530 
Phi 2008 0.082 0.066 -0.046 0.211 
Phi 2009 0.386 0.071 0.246 0.526 
Phi 2010 0.258 0.067 0.127 0.388 
Phi 2011 -0.086 0.059 -0.202 0.030 
Phi 2012 -0.222 0.058 -0.336 -0.109 
Phi 2013 -0.229 0.063 -0.352 -0.105 
Phi 2014 -1.950 0.051 -2.051 -1.850 
Phi 2015 -0.928 0.151 -1.223 -0.632 
p 2003 0.414 0.028 0.360 0.468 
p 2004 0.251 0.032 0.189 0.313 
p 2005 0.185 0.031 0.124 0.246 
p 2006 0.145 0.031 0.085 0.205 
p 2007 0.076 0.030 0.017 0.135 
p 2008 0.080 0.030 0.022 0.138 
p 2009 -0.043 0.029 -0.101 0.014 
p 2010 -0.099 0.029 -0.156 -0.042 
p 2011 -0.022 0.029 -0.079 0.036 
p 2012 0.066 0.029 0.008 0.123 
p 2013 0.191 0.030 0.132 0.249 
p 2014 0.400 0.033 0.335 0.465 
p 2015 0.848 0.037 0.775 0.921 
p 2003 2.187 0.434 1.337 3.038 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1. Conceptual figure of waterfowl hunter recruitment rate (top), retention 
probability (middle), and license purchase probability (bottom). 
2014 2015 2016 
2014 2015 2016 
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Figure 2-2. Gender-specific retention probabilities from 2010-2015 for millennial 
waterfowl hunters in Nebraska, from the most rural areas, with the highest hunting 
opportunity, who have never participated in Ducks Unlimited (DU).  
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Figure 2-3. Gender-specific license purchase probabilities from 2010-2016 for millennial 
waterfowl hunters in Nebraska, from the most rural areas, with the highest hunting 
opportunity, who have never participated in Ducks Unlimited (DU). 
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Figure 2-4. Gender-specific recruitment rates from 2011-2016 for millennial waterfowl 
hunters in Nebraska, from the most rural areas, with the highest hunting opportunity.  
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Figure 2-5. Generation-specific license purchase probabilities from 2001-2015 for 
waterfowl hunters in Missouri, from the most rural areas, with the highest hunting 
opportunity, who have never participated in Ducks Unlimited (DU). 
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Figure 2-6. Generation-specific license purchase probabilities from 2010-2016 for 
waterfowl hunters in Nebraska, from the most rural areas, with the highest hunting 
opportunity, who have never participated in Ducks Unlimited (DU). 
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Figure 2-7. Hunting opportunity category-specific retention probabilities from 2008-2015 
for millennial waterfowl hunters in Kansas, from the most rural areas who have never 
participated in Ducks Unlimited (DU). 
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Figure 2-8. Rurality category-specific retention probabilities from 2008-2015 for 
millennial waterfowl hunters in Kansas, from the most rural areas who have never 
participated in Ducks Unlimited (DU). 
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Figure 2-9. DU membership class-specific retention probabilities from 2008-2015 for 
millennial waterfowl hunters in Kansas, from the most rural areas, with the highest 
hunting opportunity.  
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Figure 2-10. DU membership class-specific license purchase probabilities from 2008-
2016 for millennial waterfowl hunters in Kansas, from the most rural areas, with the 
highest hunting opportunity.  
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Figure 2-11. Year-specific recruitment rates from 2002-2015 for millennial waterfowl 
hunters in Missouri, from the most rural areas, with the highest hunting opportunity, who 
have never participated in Ducks Unlimited (DU). 
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Figure 2-12. Year-specific license purchase probabilities from 2005-2016 for millennial 
waterfowl hunters in South Dakota, from the most rural areas, with the highest hunting 
opportunity, who have never participated in Ducks Unlimited (DU). 
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Figure 2-13. Geometric mean of population growth rate estimates (filled circles) and 
predicted population growth rate (xs) from 2016-2025. Population growth rates >1 
indicate a growing population. 
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Chapter 3. Using Mark-Recapture Methods to Model Ducks Unlimited Membership 
Behavior  
 
Introduction 
 
As state wildlife agencies’ revenues from hunting license sales continue to 
decrease, additional methods of raising revenue and generating support for wildlife 
conservation becomes increasingly important. There are a wide range of environmental-
focused organizations in the United States supporting just about every environmental 
initiative, ranging from those devoted to traditional hunting and wildlife conservation, to 
public-private initiatives for sustainable energy. One segment of these organizations, 
conservation organizations (COs), are tied to the conservation and sustainable use of 
game species, and their associated habitat. These organizations provide an additional 
method for raising revenue and support for wildlife conservation. COs are primarily 
member-based and may serve as advocacy groups for wildlife recreationists (i.e., hunters, 
trappers, and anglers). While there are some broad-based organizations, many of these 
organizations focus on a particular type of game; some examples include Ducks 
Unlimited, Rocky Mountain Elk Foundation, National Wild Turkey Foundation, and 
Pheasants and Quail Forever.  
In addition to conservation of wildlife, their habitats, and advocacy for wildlife 
recreationists, an important aspect of COs is their potential to provide an important 
“social habitat” for hunters (Chapter 2). It has been argued that a social support structure, 
or “social habitat” for hunting is important for participation (Warnke, 2008; Larson et al., 
2014; Stedman, 2011) with social forces at various levels potentially mitigating barriers 
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or constraints to hunting (Larson et al., 2014). COs may provide access to an important 
social habitat at both the micro (family) and meso (community) level. 
Ducks Unlimited (DU) is a conservation organization that seeks to conserve, 
restore, and manage wetlands and associated habitats for North America's waterfowl 
(Ducks Unlimited, accessed 2019). In addition to benefitting waterfowl, the conservation 
of wetlands aids other wildlife and people through ecosystem services. Eighty-three cents 
of every dollar that DU spends goes directly to waterfowl and wetlands conservation and 
education (Ducks Unlimited, 2018). While DU receives revenue and financial support 
from multiple sources, approximately one-quarter comes from events, sponsorships, and 
memberships (Ducks Unlimited, 2018). Given the importance of groups like DU in 
conservation, there is a strong need to better understand how membership in their 
organization behaves over time.   
There are several complications that are inherent in understanding membership in 
COs. First, the direct relationship between CO membership and hunting participation is 
not well understood. For example, it is not known whether membership in a CO occurs 
before or after actively engaging in hunting. Further, a greater understanding of the 
implications of declining hunting participation in the United States (Chapter 1) on CO 
membership is needed. Another complication is that membership in COs is often in a 
noncontractual setting, and thus, it is difficult to distinguish between a member 
temporarily lapsing in their membership, and when individuals stop being members 
altogether. Many members who temporarily lapse may self-identify as a member, but not 
pay the yearly membership. Lastly, like hunters and anglers, members in conservation 
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groups are heterogenous and do not behave as a homogenous unit.  Thus, there is a need 
to understand the factors that influence CO membership.    
Though little work has explored the relationship between COs and covariates 
(Sivek and Hungerford, 1990), multiple factors, both individual-level (e.g., gender, age, 
race, family relationships) and landscape-level (e.g., rurality), have been shown to 
influence environmental concern and pro-environmental behaviors (e.g. Schahn & 
Holzer, 1990; Morval, 1981). Multiple studies report gender differences in regard to pro-
environmental behavior and environmental concern (e.g. Zelezny et al., 2000). While 
most studies indicate that women typically display greater levels of environmental 
concern and behaviors compared to men, additional evidence suggests that men are more 
likely to engage in pro‐environment “public” behaviors tending toward activism (e.g., 
volunteer time, attend public meetings; Hunter et al., 2004). It is argued that this trend 
occurs due to traditional gender socialization and gender expectations (Hunter et al., 
2004; Zelezny et al., 2000).   
In addition to gender differences, research shows that individuals of different 
ages, and more specifically different generations, have different environmental attitudes 
and perform environmental behaviors to varying degrees (Wiernik et al.,2013; 
Diamantopoulos et al., 2003; Liere & Dunlap, 1980; Schahn & Holzer, 1990; Scott & 
Willits, 1994). Although discrepancies have been found in regard to the relationship 
between age and pro-environmental behaviors, studies employing indicators of current 
behavior have found that older people display higher levels of green-, or pro-
environmental, behavior (e.g., Diamantopoulos et al., 2003; Liere & Dunlap, 1980; 
Schahn & Holzer, 1990; Scott & Willits, 1994). Explanations for this trend usually cite 
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financial security of older generations. While younger people are likely to state that they 
will commit more resources to protecting the environment in the future (Jackson, 1983; 
Zeidner & Shechter, 1988), many do not currently have the financial security necessary 
to support environmental causes (Diamantopoulos et al., 2003).    
In addition to individual-level covariates research has also reported the influence 
of place of residence or rurality on pro-environmental behavior. While early studies of 
environmental concern among rural and urban citizens generally showed that urban 
residents exhibited greater concern and were more likely to act on this concern, more 
recent studies suggest that differences among rural and urban citizens may be diminishing 
(Huddart‐Kennedy et al., 2009). Explanations for this trend include migration of urban 
residents to rural communities (Smith & Krannich, 2000), rural communities gaining 
access to environmental services such as recycling facilities (Derksen & Gartrell, 1993; 
Saphores et al., 2006), and the decline in rural economic dependency on natural resource 
industries (Jones et al., 2003). Finally, due to many conservation organizations ties with 
hunting we hypothesize an additional landscape-level covariate, hunting opportunity, 
may also influence participation (Chapter 2).   
This study sought to address some of the complications in better understanding 
CO membership, and aid in facilitating increased waterfowl hunter participation (Chapter 
2). Our objectives were to 1) determine the effects of gender, generation, hunting 
opportunity, rurality, and Ducks Unlimited (DU) membership class on DU member, as an 
example of CO  members, recruitment, retention, and membership purchase probability, 
2) estimate DU member recruitment, retention, and membership probability, and 3) 
estimate DU member population growth rate. We extend the use of mark-recapture 
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methods used in previous work to study hunter populations (e.g. Schorr et al., 2014; Gude 
et al. 2012; Chapter 2) and provide a detailed analysis of the DU member population in 
Kansas, Missouri, Montana, Nebraska, and South Dakota. Estimating recruitment, 
retention, membership purchase probability, and population growth rate, and 
understanding how different factors influence these parameters is essential information 
for COs. With this information organizations can not only target and recruitment new 
members, but organizations can also measure the success of initiatives aimed at retaining 
members. Further, using mark-recapture techniques to understand CO member 
population dynamics is a valuable approach for COs to analyze their large membership 
databases (Huddart‐Kennedy et al., 2009) 
 
Hypotheses 
 
We tested the effects of five different covariates hypothesized to influence DU 
member parameters: gender, generation, hunting opportunity, rurality, and DU 
membership class. We included gender as a covariate to test the hypotheses that males 
have higher retention and membership purchase probability than females, but that 
females have higher recruitment rates than males. While research suggests that females 
often express slightly greater environmental concern than men, we came to this 
hypothesis due to the social or “public” aspects of DU and the longstanding tradition of 
male involvement in DU (Hunter et al., 2004). We included generation to test the 
hypotheses that Baby Boomers will have the highest retention and membership purchase 
probabilities, followed by Generation X, Millennials, then Generation Z (Wiernik et al., 
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2013; Diamantopoulos et al., 2003; Liere & Dunlap, 1980; Schahn & Holzer, 1990; Scott 
& Willits, 1994). We included rurality to test the hypotheses that individuals who reside 
in more rural areas will have higher recruitment, retention, and membership purchase 
probability then individuals who reside in more urban areas. Though, as noted in the 
introduction, urban and rural differences in environmental concern have been 
diminishing. Due to DUs connection with hunting, and the documented differences 
between hunting participation in urban and rural residents, we hypothesize that there will 
be a rurality effect. Similarly, due to DUs connection with hunting we included hunting 
opportunity to test the hypotheses that individuals in areas with high hunting opportunity 
will have higher recruitment, retention, and membership purchase probability, based on 
the ideas that individuals who are from areas with more hunting opportunity will have 
access to a stronger waterfowl hunting culture.  
Finally, we included DU membership class as a covariate, based on the 
assumption that as individuals become more invested in DU, both monetarily and 
temporally, they will have higher retention and membership probability. Developing a 
conservationists identity or conservation commitment through increased investment (Lee, 
2011) may facilitate increases in DU member parameters. Just as a waterfowl hunter 
identity has the potential to translate to increased hunting participation, conservation 
commitment can translate to increased DU participation.  
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Methods 
 
Membership Histories  
We used DU membership databases from Kansas, Missouri, Montana, Nebraska, 
and South Dakota to create member histories for DU members. Individuals were deemed 
a DU member if they purchased an annual DU membership in a given year. Individuals 
were assigned a value of “1” when they purchased the required membership and a “0” 
when they did not for each year from 2004 to 2017. Covariates were collected from state 
DU membership databases, United States Department of Agriculture data, Migratory Bird 
Parts Collection Survey (PCS; USFWS 2018), and the U.S. Census Bureau, and attached 
to each members’ history to determine what influence, if any, they had on DU member 
parameters. 
 
Covariates 
We collected gender information from the DU database, and included two 
genders, male and female. Birth year was also collected from the DU database and was 
used to determine individuals’ generation. To define generation, we used the distinct cut 
off years as described by Pew Research (Dimock, 2018). We included four generations: 
Baby Boomers (Born 1956-1964), Generation X (Born 1965-1980), Millennials (Born 
1981-1996), and Generation Z (Born 1997-Present). Rurality was broken down into 9 
different categories and assigned based on zip code of residence, following the U.S. 
Department of Agriculture’s (2013) urban-rural continuum, with one representing an 
urban center and nine representing the most rural areas. 
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To measure hunting opportunity, we created a hunting opportunity index by 
calculating mean parts collected from 2002-2017 for each county, then standardizing the 
mean by total county area (U.S. Census Bureau, 2010). We grouped the raw indexes into 
seven categories (zero through six) based on quantiles and attached a hunting opportunity 
category to each purchase history based on county of residence. We defined hunting 
opportunity at the county level because research suggests that greater than half of all 
waterfowl hunting trips were within a person’s county of residence and >90% were 
within the state of residence (Devers et al., 2017). Given the generality that hunters are 
influenced by travel costs (Wszola et al. 2020), it suggests that hunters will likely stay in 
their area to harvest.    
Finally, DU membership class was determined based on members' most recent 
membership code. DU membership was broken into 6 different categories with each 
category increasing in participation level and/or time and monetary contributions. 
Greenwings were coded as a two, these are individuals who purchased a Greenwing, or 
youth DU (11 or younger) membership at some point during their membership history. 
Regular members were coded as a four, these are individuals who purchased a regular 
DU membership over the years included in their member history. Regular members who 
also invested their time volunteering at some point over their member history were coded 
as a five. Sponsors, or individuals who donate more than regular members were coded as 
a six, and sponsors who also volunteer were coded as a seven. Finally, individuals 
donating the most money, or major sponsors, were coded as an eight.  
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Data Analysis  
We analyzed the purchase histories using a Pradel model in a mark-recapture 
framework (Pradel, 1996). We used the Pradel model because it allowed us to estimate 
four parameters of interest: recruitment, apparent survival or retention, recapture rate or 
annual membership purchase probability, and population growth rate. Recruitment rate is 
the rate at which groups in the DU member population first purchase the required annual 
DU membership, and is a function of the previous year’s population size. For example, if 
male DU members have a recruitment rate of 0.10 in 2015, and there were 100 male DU 
members in the DU member population in 2014, 10 new male DU members were 
recruited into the DU member population in 2015. Apparent survival, which is equivalent 
to retention, is the probability than an individual in retained in the “larger” DU member 
population from one year to the next. The larger DU member population not only 
includes individuals who purchase a membership every year, but also those who purchase 
a membership every other year, or even every few years. If female DU members have a 
retention probability of 0.70 in 2015, and there were 100 female DU members in 2014, 
70 female DU members were retained from 2014 to 2015. Recapture rate or annual 
membership purchase probability is the probability that individuals purchase the required 
annual DU membership, conditional on the individual being retained as a DU member 
from one year to the next. If male DU members have a license purchase probability of 
0.65 in 2015, and 100 male DU members were retained from 2014 to 2015, 65 of those 
100 male DU members purchased the required annual membership to be a DU member in 
2015. 
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Population growth rate is the rate that the larger DU member population is 
changing, with values >1 indicating an increasing population.  Population growth rate, 
like recruitment, is a function of the previous year’s population size, and is derived by 
adding recruitment rate and retention probability.   
We incorporated covariates into the sub-models for recruitment, retention, and 
annual membership purchase probability to determine if they had any influence on the 
parameters (significant beta values), but did not allow for yearly estimates by holding 
time constant. We developed and compared 127,008 different models, for each state, 
made up of additive combinations of the covariates using RMark (Laake, 2013), and 
compared models based on Akaike’s Information Criterion (AIC) and model weight (wi; 
Burnham and Anderson 2002). This work was completed utilizing the Holland 
Computing Center (HCC) of the University of Nebraska, which receives support from the 
Nebraska Research Initiative. All analysis was completed on Anvil (Holland Computing 
Center, 2019), which is the HCC’s cloud computing resource, based on the OpenStack 
software. Anvil allowed us to utilize up to 32 CPU’s, 60 GB of RAM, and 3 TB of 
storage.   
 
Results 
 
DU Membership Purchase Trends 
Kansas 
A total of 73,579 individuals purchased an annual DU membership at least once 
from 2004 to 2017. In 2004, 5,861 individuals purchased DU memberships. The number 
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of individuals purchasing memberships had an increasing trend, with 15,522 individuals 
purchasing membership in 2017. Baby Boomers made up the greatest proportion of 
annual membership purchasers in all years, but the proportion of Baby Boomers 
purchasing memberships decreased each year. Gen Z made up the smallest proportion 
individuals purchasing memberships in all years, but the proportion of Gen Z purchasing 
memberships increased each year. In any given year the majority of individuals who 
purchased an annual DU membership were regular DU members. In 2004 regular 
members who also volunteered made up 20% of the population, but the proportion of 
regular members who volunteer has been steadily decreasing over time (2017 = 9%). 
Sponsors made up 5% of the individuals purchasing memberships in 2004, sponsors who 
volunteer made up 3%, and majors sponsors 2%, with the proportion of these groups also 
decreasing over time. Finally, in any given year males made up the greatest proportion of 
individuals purchasing memberships, but the proportion of females purchasing 
memberships has been increasing over time (2004 = 7%, 2017 = 19%).   
 
Missouri 
A total of 105,178 individuals purchased an annual DU membership at least once 
from 2004 to 2017. In 2004, 9,804 individuals purchased DU memberships. Although the 
number of individuals purchasing memberships has varied over time the overall trend is 
increasing, with 19,680 individuals purchasing memberships in 2017. Baby Boomers 
made up the greatest proportion of annual membership purchasers in all years, but the 
proportion of Baby Boomers purchasing memberships decreased each year. Gen Z made 
up the smallest proportion of individuals purchasing memberships in all years, but the 
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proportion of Gen Z purchasing memberships increased each year. In any given year the 
majority of individuals who purchased an annual DU membership were regular DU 
members. In 2004 regular members who also volunteered made up 18% of the 
population, but the proportion of regular members who volunteer has been steadily 
decreasing over time (2017 = 10%). Sponsors made up 4% of the individuals purchasing 
memberships in 2004, sponsors who volunteer made up 3%, and majors sponsors 3%, 
with the proportion of these groups also decreasing over time. Finally, in any given year 
males made up the greatest proportion of individuals purchasing memberships, but the 
proportion of females purchasing memberships has been increasing over time (2004 = 
10%, 2017 = 23%).   
 
Montana 
A total of 38,229 individuals purchased an annual DU membership at least once 
from 2004 to 2017. In 2004, 3,264 individuals purchased DU memberships. Although the 
number of individuals purchasing memberships varies from year to year the overall trend 
is increasing, with 6,699 individuals purchasing memberships in 2017. In any given year 
Baby Boomers made up the greatest proportion of annual membership purchasers. Gen Z 
made up the smallest proportion of individuals purchasing memberships in all years, but 
the proportion of Gen Z purchasing memberships increased each year. In any given year 
the majority of individuals who purchased an annual DU membership were regular DU 
members. In 2004 regular members who also volunteered made up 15% of the 
population, but the proportion of regular members who volunteer has been steadily 
decreasing over time (2017 = 7.5%). Sponsors made up 5% of the individuals purchasing 
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memberships in 2004, sponsors who volunteer made up 3%, and majors sponsors 3%, 
with the proportion of these groups also decreasing over time. Finally, in any given year 
males made up the greatest proportion of individuals purchasing memberships, but the 
proportion of females purchasing memberships has been increasing over time (2004 = 
9%, 2017 = 25%).   
 
Nebraska 
A total of 54,734 individuals purchased an annual DU membership at least once 
from 2004 to 2017. In 2004, 6,203 individuals purchased DU memberships. Although the 
number of individuals purchasing memberships varied from year to year the overall trend 
was increasing, with 13,683 individuals purchasing memberships in 2017. In any given 
year Baby Boomers made up the greatest proportion of annual membership purchasers, 
but the proportion of Baby Boomers purchasing memberships decreased each year. Gen 
Z made up the smallest proportion individuals purchasing memberships in 2004 (3%), but 
the proportion of Gen Z purchasing memberships increased each year. In any given year 
the majority of individuals who purchased an annual DU membership were regular DU 
members. In 2004 regular members who also volunteered made up 18% of the 
population, but the proportion of regular members who volunteer has been steadily 
decreasing over time (2017 = 10%). Sponsors made up 5% of the individuals purchasing 
memberships in 2004, sponsors who volunteer made up 3%, and majors sponsors 2%, 
with the proportion of these groups also decreasing over time. Finally, in any given year 
males made up the greatest proportion of individuals purchasing memberships, but the 
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proportion of females purchasing memberships has been increasing over time (2004 = 
6.5%,  2017 = 17%).   
 
South Dakota 
A total of 33,600 individuals purchased an annual DU membership at least once 
from 2004 to 2017. In 2004, 4,606 individuals purchased DU memberships. The number 
of individuals purchasing memberships increased until 2007 (7,649) but has steadily 
decreased since (2017 = 6731).  In any given year Baby Boomers made up the greatest 
proportion of annual membership purchasers. Gen Z made up the smallest proportion of 
individuals purchasing memberships in 2004 (6%), but the proportion of Gen Z 
purchasing memberships increased each year. In any given year the majority of 
individuals who purchased an annual DU membership were regular DU members. In 
2004 regular members who also volunteered made up 24% of the population, but the 
proportion of regular members who volunteer has been steadily decreasing over time 
(2017 = 10%). Sponsors made up 2% of the individuals purchasing memberships in 2004, 
but the proportional of sponsors purchasing memberships increased to 3% in 2017. 
Sponsors who volunteer made up 2%, and majors sponsors 3%, with the proportion of 
these groups also decreasing over time. Finally, in any given year males made up the 
greatest proportion of individuals purchasing memberships, but the proportion of females 
purchasing memberships has been increasing over time (2004 = 13%, 2017 = 16%).   
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Model Comparison 
For all states the most supported model was the global model (Table 3-1), 
providing initial evidence that all DU member parameters were influenced by each of our 
covariates.  
 
Covariate Effects and Parameter Estimates 
Gender  
Based on the top models in all states we found that being a male DU member 
increased the probability of retention and membership purchase compared to females, but 
that females were recruited into the DU member population at a higher rate than males 
(Table 3-2). Male DU members in Nebraska had a recruitment rate of 0.21 (0.19-0.23; 
Figure 3-1), a retention probability of 0.90 (0.89-0.91; Figure 3-2), and a membership 
purchase probability of 0.45 (0.43-0.48; Figure 3-3). Female DU members had a 
recruitment rate of 0.35 (0.31-0.38), retention probability of 0.84 (0.81-0.86), and 
membership purchase probability of 0.42 (0.40-0.45). 
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Generation 
For all states, compared to Baby Boomers, being a member of another generation 
had a positive effect on recruitment, and a negative effect on membership purchase 
probability (Table 3-3). In Missouri, while baby boomers had the highest membership 
purchase probability at 0.52 (0.50-0.56; Figure 3-4), baby boomers had the lowest 
recruitment rate compared to other generations at 0.11 (0.11 – 0.12; Figure 3-5). For most 
states, retention had a similar trend to membership purchase probability. Compared to 
baby boomers, all other generations had a negative effect on retention. Alternatively, in 
Kansas and Nebraska while being a millennial or member of Generation X had a negative 
influence on retention, being in Generation Z resulted in a positive effect. Regular DU 
members in Kansas who were in Generation Z had a retention rate of 0.91 (0.91-0.92), 
followed by baby boomers at 0.90 (0.89-0.91), Generation X at .89 (0.88-0.91), and 
Millennials with a retention rate of 0.88 (0.86-0.88; Figure 3-6). 
 
Hunting Opportunity & Rurality 
While we did see significant differences across different hunting opportunity and 
rurality categories, the differences were marginal for all states (Table 3-4 and Table 3-5). 
In South Dakota, retention probability ranged from 0.89-0.93 over the different hunting 
(Figure 3-7) opportunity categories, and in Kansas retention probability ranged from 
0.87-0.90 over the rurality categories (Figure 3-8).  
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Ducks Unlimited Membership Class 
Although in some states Greenwings and regular members showed comparable 
retention and membership purchase probabilities, we found that increased DU 
membership positively influenced retention and membership purchase probability in most 
states (Table 3-6). Regular DU members in Montana had a retention probability of 0.84 
(0.83-0.86; Figure 3-9) and membership purchase probability of 0.37 (0.35-0.39; Figure 
3-10) while regular DU members who also volunteered had a retention probability of 
0.88 (0.86-0.89) and membership purchase probability of 0.55 (0.52-0.57).  
 
Population Growth Rate 
 We found that on average, South Dakota and Montana had relatively stable 
populations, while Nebraska, Missouri, and Kansas had slightly increasing populations 
(MO λ=1.05, KS λ=1.05, SD λ=1.02, KS λ=1.05, MT λ = 1.03, NE λ = 1.08).  
 
Discussion  
 
To aid in facilitating increased waterfowl hunter populations, begin broadening 
the base of waterfowl and wetland conservation supporters, an empirical examination of 
the population dynamics of DU members, as an example of waterfowl and wetland 
conservation supporters, was needed. Our results confirmed some of our hypotheses 
about the DU member population. Similar to waterfowl hunters (Chapter 2), we found 
that males have higher retention and membership purchase probabilities than females. 
This is most likely due to the public nature of DU membership. As noted in the 
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introduction, while women typically display higher levels of environmental concern and 
behaviors compared to men, evidence suggests that women are not more likely to engage 
in pro‐environment “public” behaviors like volunteering and attending public meetings 
(Hunter et al., 2004). Further, the fact that DU has historically been male dominated 
further exacerbates this trend. Additionally, we found support for our hypotheses that 
females have higher recruitment rates than males. While increased female recruitment 
rates can be attributed to female DU members having smaller population sizes compared 
to males, if females are targeted with recruitment initiatives, and female recruitment rates 
rise in the future, this could suggest that female-specific recruitment strategies for women 
are effective.  
In most states, we found that Baby Boomers had the highest retention and 
membership purchase probabilities. This is most likely due to the financial commitment 
required to be a DU member. Many individuals from younger generation may not have 
the financial security or the time necessary to support DU. When considering generations 
influence on retention, Kansas and Nebraska stood out with Generation Z having the 
highest retention probabilities. This could be due to a push in Kansas and Nebraska to not 
only recruit younger individuals, but to also keep them actively involved. While we 
found that Baby Boomers have the highest retention and membership purchase 
probabilities in most states, Generation Z had the highest recruitment rates. Focused 
efforts have been made to increase youth recruitment and retention into the DU member 
population. While higher recruitment rates can be partly attributed to younger generation 
DU members having smaller population sizes, if recruitment rates for younger 
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generations rise in the future this could suggest that recruitment strategies targeted at 
these groups have been effective.  
Finally, we found support for our hypotheses that as DU membership class 
increases so does retention and membership purchase probability. This could be due to 
DU membership facilitating identification as a conservationist or increased conservation 
commitment, or vice versa, increased conservation commitment could be facilitating 
increases in DU membership. Though further exploration will be required to determine 
what facilitates DU members moving from one class to another, spending time on not 
only recruiting members, but further increasing participation, and the part conservation 
plays in an individual’s identity, can have major benefits for the population.     
Contrary to our hypotheses, but similar to waterfowl hunters (Chapter 2), we 
found that rurality’s influence on DU member parameters was negligible. Suggesting, as 
previous research has, that differences among rural and urban citizens may be 
diminishing (Huddart‐Kennedy et al., 2009). Similar to rurality, we did not find support 
for our hypotheses that DU member parameters would increase as hunting opportunity 
did. Instead, we found that while hunting opportunity did have an influence on waterfowl 
hunting parameters, the influence was small, arguably negligible.        
While declines in hunter participation have been noted since the 1980s, according 
to our results DU member populations are growing. While all populations are growing, 
differing growth rates between states provide an opportunity to explore what states with 
faster growing populations are doing in regard to recruiting new DU members and 
retaining current DU members, and determine if we can try similar strategies in states 
with slower growing, or more stable, populations.   
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Estimating recruitment, retention, membership purchase probability, and 
population growth rate along with understanding how different factors influence these 
parameters is essential information for COs. With specific estimates and identified factors 
influencing the CO member populations, COs can begin to target specific groups with 
recruitment and retention programs. For example, DU may want to reach out to females 
in older generations to explore what is driving low retention rates.   
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Tables  
 
Table 3-1. Model selection results of the top two a priori models of member retention 
(Phi), license purchase probability (p), and recruitment rate (f) for DU members from 
Nebraska, Missouri, Kansas, South Dakota, and Montana.   
 
State 
Model  
namea AICcb Δic wid Ke 
Nebraska Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
289252.2 0.00 1 64 
 Phi(~gender + 
gen + rurality + 
class + time) 
 
p(~hunting 
opportunity + 
gen + rurality + 
class) 
 
(~gender + 
hunting 
289274.1 21.96 0 63 
                                                 
a Covariates evaluated included gender, generation (gen), hunting opportunity, rurality, and DU 
membership class (class). 
b Akaike's Information Criterion 
c Akaike's Information Criterion 
d AICc model weight 
e parameters 
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State 
Model  
namea AICcb Δic wid Ke 
opportunity + 
gen + rurality) 
Missouri Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
499678.1 0.00 1 67 
 Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
499697.4 19.25 0 61 
Kansas Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
335607.8 0.00 1 67 
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State 
Model  
namea AICcb Δic wid Ke 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
 Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
 
335621.6 13.74 0 61 
South 
Dakota 
Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
 
164174.3 0.00 1 58 
 Phi(~gender + 
hunting 
opportunity + 
gen + class) 
 
p(~hunting 
opportunity + 
164208.7 34.40 0 52 
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State 
Model  
namea AICcb Δic wid Ke 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
Montana Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
 
 
151869.2 0.00 1 52 
 Phi(~gender + 
hunting 
opportunity + 
gen + rurality + 
class) 
 
p(~hunting 
opportunity + 
gen + rurality + 
class) 
 
f(~gender + 
hunting 
opportunity + 
gen + rurality) 
151871.1 1.89 0 51 
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Table 3-2. Gender-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for DU members from Nebraska, 
Missouri, Kansas, South Dakota and Montana.   
 
Parametera Gender β SE LCI UCI 
Nebraska 
f Male -0.502 0.021 -0.543 -0.461 
Phi Male 0.558 0.032 0.495 0.621 
p Male 0.129 0.026 0.078 0.181 
Missouri 
f Male -0.327 0.013 -0.352 -0.301 
Phi Male 0.469 0.020 0.430 0.508 
p Male 0.135 0.018 0.099 0.171 
Kansas 
f Male -0.505 0.018 -0.541 -0.470 
Phi Male 0.639 0.027 0.587 0.691 
p Male 0.131 0.024 0.084 0.179 
South Dakota 
f Male -0.437 0.030 -0.496 -0.378 
Phi Male 0.492 0.040 0.414 0.570 
p Male 0.201 0.032 0.138 0.264 
Montana 
f Male -0.370 0.023 -0.415 -0.324 
Phi Male 0.448 0.034 0.382 0.514 
p Male 0.065 0.033 0.001 0.130 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Table 3-3. Generation-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for DU members from Nebraska, 
Missouri, Kansas, South Dakota and Montana.   
  
Parametera Generation β SE LCI UCI 
Nebraska 
 
f Gen X 0.146 0.023 0.102 0.190 
f Millennials 0.484 0.024 0.437 0.532 
f Gen Z 0.991 0.024 0.944 1.038 
Phi Gen X -0.143 0.031 -0.203 -0.082 
Phi Millennials -0.265 0.039 -0.341 -0.189 
Phi Gen Z 0.205 0.052 0.102 0.307 
p Gen X -0.223 0.018 -0.258 -0.188 
p Millennials -0.577 0.022 -0.620 -0.534 
p Gen Z -0.260 0.056 -0.369 -0.150 
Missouri 
 
f Gen X 0.199 0.018 0.164 0.233 
f Millennials 0.525 0.018 0.489 0.561 
f Gen Z 1.149 0.017 1.116 1.183 
Phi Gen X -0.219 0.023 -0.264 -0.174 
Phi Millennials -0.408 0.027 -0.460 -0.356 
Phi Gen Z -0.336 0.035 -0.405 -0.267 
p Gen X -0.291 0.015 -0.321 -0.262 
p Millennials -0.502 0.018 -0.538 -0.466 
p Gen Z -0.753 0.044 -0.839 -0.667 
Kansas 
 
f Gen X 0.146 0.019 0.108 0.184 
f Millennials 0.365 0.021 0.324 0.406 
f Gen Z 0.787 0.025 0.739 0.835 
Phi Gen X -0.110 0.026 -0.161 -0.060 
Phi Millennials -0.270 0.030 -0.329 -0.212 
Phi Gen Z 0.206 0.050 0.109 0.304 
p Gen X -0.313 0.017 -0.347 -0.279 
p Millennials -0.566 0.021 -0.607 -0.525 
p Gen Z -0.615 0.063 -0.738 -0.491 
South Dakota 
 
f Gen X 0.312 0.032 0.250 0.375 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera Generation β SE LCI UCI 
f Millennials 0.735 0.033 0.670 0.800 
f Gen Z 1.147 0.038 1.073 1.222 
Phi Gen X -0.242 0.038 -0.317 -0.168 
Phi Millennials -0.570 0.043 -0.655 -0.485 
Phi Gen Z -0.161 0.072 -0.301 -0.020 
p Gen X -0.341 0.023 -0.386 -0.296 
p Millennials -0.548 0.029 -0.605 -0.490 
p Gen Z -0.297 0.092 -0.477 -0.118 
Montana 
 
f Gen X 0.217 0.029 0.159 0.274 
f Millennials 0.499 0.033 0.434 0.563 
f Gen Z 0.948 0.029 0.892 1.004 
Phi Gen X -0.263 0.038 -0.337 -0.189 
Phi Millennials -0.424 0.051 -0.523 -0.325 
Phi Gen Z -0.253 0.061 -0.374 -0.133 
p Gen X -0.292 0.028 -0.346 -0.237 
p Millennials -0.736 0.039 -0.812 -0.660 
p Gen Z -0.688 0.087 -0.858 -0.518 
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Table 3-4. Hunting opportunity category-specific beta values (β), standard errors (SE), 
lower confidence intervals (LCI), and upper confidence intervals (UCI) for DU members 
from Nebraska, Missouri, Kansas, South Dakota and Montana.   
 
Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
Nebraska 
 
f 1 0.149 0.072 0.009 0.290 
f 2 -0.092 0.079 -0.246 0.062 
f 3 0.140 0.078 -0.012 0.292 
f 4 0.033 0.071 -0.105 0.172 
f 5 0.048 0.074 -0.097 0.193 
f 6 -0.003 0.075 -0.150 0.143 
Phi 1 -0.035 0.103 -0.236 0.167 
Phi 2 0.324 0.113 0.101 0.546 
Phi 3 0.010 0.111 -0.208 0.228 
Phi 4 0.052 0.101 -0.147 0.251 
Phi 5 0.093 0.106 -0.114 0.300 
Phi 6 0.164 0.106 -0.045 0.372 
p 1 -0.129 0.063 -0.253 -0.004 
p 2 -0.141 0.068 -0.274 -0.009 
p 3 -0.054 0.069 -0.189 0.081 
p 4 0.062 0.062 -0.060 0.183 
p 5 -0.074 0.065 -0.202 0.053 
p 6 -0.060 0.066 -0.189 0.068 
Missouri 
 
f 1 -0.107 0.028 -0.162 -0.053 
f 2 -0.270 0.028 -0.324 -0.216 
f 3 -0.136 0.031 -0.197 -0.076 
f 4 -0.232 0.037 -0.305 -0.158 
f 5 -0.240 0.035 -0.308 -0.172 
f 6 -0.263 0.026 -0.314 -0.212 
Phi 1 0.004 0.043 -0.081 0.089 
Phi 2 0.304 0.043 0.219 0.389 
Phi 3 0.253 0.048 0.158 0.347 
Phi 4 0.202 0.055 0.094 0.310 
Phi 5 0.382 0.053 0.278 0.487 
Phi 6 0.224 0.041 0.143 0.305 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
p 1 0.018 0.035 -0.051 0.086 
p 2 -0.079 0.035 -0.147 -0.011 
p 3 -0.080 0.038 -0.154 -0.006 
p 4 -0.093 0.041 -0.174 -0.012 
p 5 -0.068 0.040 -0.147 0.012 
p 6 -0.030 0.034 -0.095 0.036 
Kansas 
f 1 0.014 0.057 -0.098 0.126 
f 2 -0.104 0.061 -0.224 0.016 
f 3 -0.004 0.061 -0.123 0.116 
f 4 -0.034 0.062 -0.155 0.087 
f 5 -0.114 0.059 -0.230 0.002 
f 6 0.016 0.063 -0.108 0.140 
Phi 1 0.118 0.078 -0.035 0.271 
Phi 2 0.236 0.083 0.073 0.399 
Phi 3 0.313 0.083 0.150 0.477 
Phi 4 0.225 0.084 0.061 0.390 
Phi 5 0.348 0.081 0.190 0.507 
Phi 6 0.093 0.087 -0.078 0.263 
p 1 0.158 0.066 0.029 0.287 
p 2 0.253 0.069 0.117 0.388 
p 3 0.173 0.069 0.038 0.307 
p 4 0.143 0.069 0.008 0.279 
p 5 0.186 0.067 0.054 0.317 
p 6 0.087 0.072 -0.053 0.228 
South Dakota 
 
f 1 -0.279 0.048 -0.373 -0.185 
f 2 -0.083 0.061 -0.203 0.038 
f 3 -0.240 0.089 -0.415 -0.065 
f 4 -0.270 0.109 -0.483 -0.057 
f 5 -0.206 0.045 -0.295 -0.117 
f 6 -0.384 0.055 -0.492 -0.276 
Phi 1 0.350 0.061 0.230 0.469 
Phi 2 0.107 0.079 -0.048 0.262 
Phi 3 -0.037 0.101 -0.236 0.162 
Phi 4 0.170 0.126 -0.077 0.417 
Phi 5 0.352 0.058 0.238 0.466 
Phi 6 0.434 0.070 0.297 0.570 
p 1 0.142 0.044 0.056 0.229 
p 2 -0.118 0.057 -0.230 -0.005 
p 3 0.175 0.080 0.017 0.332 
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Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
p 4 0.412 0.090 0.237 0.588 
p 5 0.218 0.042 0.135 0.301 
p 6 0.025 0.049 -0.071 0.121 
Montana 
 
f 1 -0.105 0.039 -0.182 -0.027 
f 2 -0.095 0.043 -0.180 -0.010 
f 3 0.004 0.051 -0.097 0.104 
f 4 -0.004 0.086 -0.174 0.165 
Phi 1 0.284 0.054 0.178 0.390 
Phi 2 0.300 0.060 0.183 0.417 
Phi 3 0.214 0.072 0.073 0.355 
Phi 4 0.220 0.118 -0.010 0.451 
p 1 0.109 0.046 0.019 0.200 
p 2 0.201 0.050 0.103 0.300 
p 3 0.145 0.061 0.026 0.264 
p 4 -0.080 0.094 -0.265 0.104 
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Table 3-5. Rurality category-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for DU members from 
Nebraska, Missouri, Kansas, South Dakota and Montana.   
 
Parametera 
Rurality 
Category β SE LCI UCI 
Nebraska 
 
f 3 -0.253 0.035 -0.322 -0.184 
f 4 -0.137 0.035 -0.205 -0.069 
f 5 -0.136 0.037 -0.209 -0.063 
f 6 0.038 0.044 -0.048 0.124 
f 7 -0.150 0.037 -0.222 -0.078 
f 8 0.188 0.058 0.073 0.302 
f 9 -0.083 0.038 -0.157 -0.009 
Phi 3 0.106 0.046 0.015 0.197 
Phi 4 0.125 0.048 0.031 0.219 
Phi 5 0.229 0.052 0.126 0.331 
Phi 6 0.139 0.066 0.011 0.268 
Phi 7 0.340 0.054 0.235 0.445 
Phi 8 -0.077 0.086 -0.247 0.092 
Phi 9 0.131 0.055 0.024 0.238 
p 3 -0.152 0.031 -0.213 -0.091 
p 4 -0.105 0.031 -0.166 -0.045 
p 5 -0.115 0.033 -0.179 -0.050 
p 6 0.002 0.043 -0.082 0.086 
p 7 -0.181 0.032 -0.245 -0.117 
p 8 0.161 0.061 0.042 0.280 
p 9 0.001 0.034 -0.067 0.068 
Missouri 
 
f 2 0.019 0.036 -0.052 0.091 
f 3 -0.130 0.021 -0.172 -0.088 
f 4 -0.144 0.033 -0.209 -0.079 
f 5 0.026 0.034 -0.040 0.092 
f 6 -0.044 0.020 -0.083 -0.005 
f 7 -0.131 0.027 -0.185 -0.078 
f 8 0.117 0.066 -0.011 0.246 
f 9 -0.119 0.038 -0.193 -0.044 
Phi 2 0.110 0.054 0.005 0.215 
Phi 3 0.220 0.031 0.160 0.280 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera 
Rurality 
Category β SE LCI UCI 
Phi 4 0.400 0.049 0.305 0.495 
Phi 5 0.090 0.049 -0.005 0.185 
Phi 6 0.227 0.029 0.169 0.284 
Phi 7 0.268 0.039 0.192 0.345 
Phi 8 -0.217 0.087 -0.388 -0.046 
Phi 9 0.271 0.056 0.160 0.382 
p 2 -0.151 0.042 -0.235 -0.068 
p 3 -0.108 0.023 -0.152 -0.064 
p 4 -0.140 0.035 -0.208 -0.071 
p 5 0.076 0.037 0.002 0.149 
p 6 -0.058 0.022 -0.100 -0.015 
p 7 -0.307 0.028 -0.361 -0.253 
p 8 -0.066 0.073 -0.208 0.076 
p 9 -0.123 0.039 -0.199 -0.047 
Kansas 
 
f 2 0.148 0.032 0.086 0.210 
f 3 -0.011 0.037 -0.083 0.061 
f 4 0.084 0.039 0.008 0.160 
f 5 -0.076 0.038 -0.151 -0.002 
f 6 -0.093 0.040 -0.171 -0.015 
f 7 -0.068 0.034 -0.135 -0.001 
f 8 0.077 0.097 -0.113 0.267 
f 9 0.210 0.040 0.133 0.288 
Phi 2 -0.248 0.043 -0.332 -0.164 
Phi 3 -0.153 0.050 -0.250 -0.056 
Phi 4 -0.199 0.054 -0.305 -0.094 
Phi 5 -0.004 0.051 -0.105 0.097 
Phi 6 0.083 0.055 -0.024 0.191 
Phi 7 0.053 0.047 -0.039 0.144 
Phi 8 -0.269 0.133 -0.530 -0.008 
Phi 9 -0.208 0.056 -0.317 -0.098 
p 2 -0.027 0.032 -0.089 0.036 
p 3 -0.044 0.037 -0.115 0.028 
p 4 0.060 0.040 -0.019 0.139 
p 5 -0.180 0.037 -0.252 -0.108 
p 6 -0.037 0.039 -0.113 0.040 
p 7 -0.026 0.034 -0.093 0.040 
p 8 -0.285 0.113 -0.506 -0.065 
p 9 0.080 0.044 -0.006 0.166 
South Dakota 
 
f 5 0.002 0.044 -0.084 0.087 
f 6 0.128 0.054 0.022 0.234 
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Parametera 
Rurality 
Category β SE LCI UCI 
f 7 0.030 0.041 -0.049 0.110 
f 8 -0.142 0.143 -0.423 0.138 
f 9 0.049 0.041 -0.032 0.129 
Phi 5 -0.105 0.055 -0.213 0.002 
Phi 6 -0.091 0.070 -0.229 0.047 
Phi 7 -0.031 0.051 -0.131 0.069 
Phi 8 0.133 0.169 -0.197 0.464 
Phi 9 -0.005 0.052 -0.107 0.097 
p 5 -0.087 0.037 -0.158 -0.015 
p 6 -0.045 0.048 -0.139 0.050 
p 7 -0.208 0.034 -0.275 -0.142 
p 8 -0.403 0.098 -0.597 -0.210 
p 9 -0.010 0.035 -0.078 0.058 
Montana 
 
f 5 -0.099 0.033 -0.164 -0.034 
f 6 -0.180 0.043 -0.265 -0.095 
f 7 -0.154 0.036 -0.224 -0.084 
f 8 0.049 0.068 -0.085 0.182 
f 9 -0.044 0.038 -0.118 0.031 
Phi 5 0.067 0.046 -0.023 0.158 
Phi 6 0.137 0.059 0.021 0.253 
Phi 7 0.346 0.051 0.247 0.445 
Phi 8 -0.060 0.094 -0.244 0.124 
Phi 9 0.042 0.053 -0.062 0.146 
p 5 0.123 0.038 0.048 0.197 
p 6 0.019 0.050 -0.079 0.117 
p 7 0.183 0.039 0.106 0.260 
p 8 0.073 0.077 -0.077 0.223 
p 9 0.333 0.045 0.243 0.422 
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Table 3-6. DU membership class-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for DU members from 
Nebraska, Missouri, Kansas, South Dakota and Montana.   
 
Parametera 
DU 
Membership 
Class β SE LCI UCI 
Nebraska 
 
Phi 4 1.388 0.040 1.310 1.466 
Phi 5 1.725 0.056 1.614 1.835 
Phi 6 1.479 0.090 1.303 1.655 
Phi 7 2.195 0.210 1.784 2.607 
Phi 8 2.543 0.268 2.018 3.068 
p 4 -0.167 0.052 -0.269 -0.065 
p 5 0.700 0.056 0.591 0.810 
p 6 0.395 0.070 0.257 0.533 
p 7 1.250 0.098 1.057 1.443 
p 8 1.188 0.104 0.984 1.391 
Missouri 
 
Phi 4 1.172 0.026 1.120 1.223 
Phi 5 1.525 0.039 1.449 1.600 
Phi 6 1.339 0.066 1.210 1.468 
Phi 7 2.077 0.116 1.849 2.305 
Phi 8 2.025 0.154 1.722 2.327 
p 4 -0.084 0.041 -0.165 -0.004 
p 5 0.762 0.044 0.677 0.848 
p 6 0.437 0.057 0.326 0.548 
p 7 1.649 0.068 1.515 1.782 
p 8 0.874 0.067 0.743 1.006 
Kansas 
 
Phi 4 1.080 0.034 1.013 1.147 
Phi 5 1.386 0.046 1.296 1.476 
Phi 6 1.311 0.083 1.149 1.473 
Phi 7 2.433 0.344 1.758 3.108 
Phi 8 2.368 0.343 1.695 3.041 
p 4 -0.148 0.058 -0.261 -0.035 
p 5 0.808 0.060 0.689 0.926 
p 6 0.395 0.074 0.250 0.539 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Parametera 
DU 
Membership 
Class β SE LCI UCI 
p 7 1.927 0.142 1.649 2.206 
p 8 1.112 0.123 0.871 1.354 
South Dakota 
 
Phi 4 1.050 0.051 0.950 1.150 
Phi 5 1.355 0.064 1.229 1.481 
Phi 6 1.310 0.158 1.001 1.620 
Phi 7 2.237 0.344 1.563 2.910 
Phi 8 2.310 0.308 1.706 2.914 
p 4 0.265 0.085 0.098 0.431 
p 5 1.023 0.088 0.852 1.195 
p 6 0.774 0.119 0.541 1.007 
p 7 2.102 0.170 1.769 2.436 
p 8 1.827 0.139 1.554 2.100 
Montana 
 
Phi 4 1.092 0.045 1.003 1.181 
Phi 5 1.390 0.071 1.252 1.529 
Phi 6 1.131 0.104 0.927 1.336 
Phi 7 1.864 0.338 1.201 2.528 
Phi 8 1.992 0.335 1.335 2.650 
p 4 -0.097 0.077 -0.247 0.054 
p 5 0.624 0.083 0.460 0.787 
p 6 0.694 0.107 0.484 0.903 
p 7 1.595 0.201 1.201 1.989 
p 8 0.895 0.157 0.587 1.202 
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Figures  
 
 
Figure 3-1. Gender-specific recruitment rates for DU members in Nebraska who are 
Millennials from rurality category six and hunting opportunity category three.  
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Figure 3-2. Gender-specific retention probabilities for regular DU members in Nebraska 
who are Millennials from rurality category six and hunting opportunity category three.  
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Figure 3-3. Gender-specific membership purchase probabilities for regular DU members 
in Nebraska who are Millennials from rurality category six and hunting opportunity 
category three.  
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Figure 3-4. Generation-specific retention probabilities for regular DU members in 
Missouri who are Millennials, from rurality category three, and hunting opportunity 
category three. 
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Figure 3-5. Generation-specific recruitment rates for DU members in Missouri, who are 
Millennials, from rurality category three, and hunting opportunity category three. 
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Figure 3-6. Generation-specific retention probabilities for regular DU members in 
Kansas, from rurality category three, and hunting opportunity category three. 
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Figure 3-7. Hunting opportunity category-specific retention probabilities for Baby 
Boomer regular DU members in South Dakota, from rurality category nine. 
 
 
 
 
  
109 
 
  
 
 
 
 
Figure 3-8. Rurality category-specific retention probabilities for Baby Boomer regular 
DU members in Kansas, from hunting opportunity category six. 
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Figure 3-9. DU Membership class specific retention probabilities for DU members in 
Montana. who are Millennials, from rurality category three, and hunting opportunity 
category one. 
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Figure 3-10. DU Membership class specific membership purchase probabilities for DU 
members in Montana, who are Millennials, from rurality category three, and hunting 
opportunity category one. 
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Chapter 4. Limitations, Management Implications, and Recommendations  
 
 Because our models are built using, at most, the last 15 years of data, they are 
specific to that time period. Similarly, projected lambda rates will only be true if the 
behaviors observed during this period hold true for future generations (Schorr et al., 
2014). Additionally, while individual-level covariates are fairly straightforward, 
landscape-level covariates, like hunting opportunity and rurality, are more complex and 
harder to define. Additional work needs to be done to define these covariates in the 
context of waterfowl hunters and DU members. Finally, when matching state Electronic 
Licensing Systems (ELSs) with DU membership databases, we only used full matches, 
ignoring partial matches. This more conservative method of matching has the potential to 
overstate the effect of DU membership class on waterfowl hunting parameters.        
Despite these limitations this work was the first step toward determining what 
factors influence waterfowl hunter and DU member recruitment rate, retention 
probability, and license/membership purchase probabilities, and estimating these 
parameters of interest, along with population growth rate. The results allowed us to 
empirically evaluate what factors influence waterfowl hunter and Ducks Unlimited (DU) 
member parameters, and also provided us with baseline recruitment, retention, and 
license/membership purchase probability estimates. These estimates will enable us to 
measure the success of different R3 efforts aimed at waterfowl hunter and DU member 
populations, by tracking them through time. Furthermore, these estimates allow us to 
identify individuals least likely to be recruited and retained. By identifying these 
individuals, we can begin to explore what is driving low participation, and develop both 
informed and targeted Recruitment, Retention, and Reactivation (R3) approaches.  
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While these results have increased our understanding of these populations, which 
will improve the management decisions aimed at these populations, they have also 
prompted new questions and research objectives. Recruiting and retaining hunters and 
conservationists will require increased understanding of additional participation trends, 
barriers to participation, and motivations for participation. We recommend several “next 
steps” to further improve hunter and Conservation Organization (CO) member 
management.   
 
Recommendation 1: Collect additional covariate data in ELSs and membership databases 
so we can consider the influences of other covariates on waterfowl hunters and DU 
members.   
 While this work was an important first step in determining what factors influence 
waterfowl hunter and DU member parameters, other covariates (e.g. race) have been 
found to influence hunting participation and pro-environmental behavior. By collecting 
additional demographic information, we can further improve parameter estimates.    
 
Recommendation 2: Determine the participation trends in other hunter groups and COs.  
 Similar to waterfowl hunters, not a lot of work has been done determining what 
factors influence specific hunting groups (e.g. big game hunters, turkey hunters). Further, 
research had not explored the relationship between hunting and CO membership. 
Exploring this relationship, following the methods laid out in this thesis, will provide 
much needed information to individuals working to manage hunter populations.   
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Recommendation 3: Explore the “movement dynamics” of hunters and CO members.  
 While these results highlighted the importance of conservation organization 
membership for waterfowl hunters, they were not able to identify how waterfowl hunters 
and DU members move through this system. Using multi-state models in a mark-
recapture framework, we can begin to explore transition rates through this system, and 
how these rates are influences by covariates.   
 
Recommendation 4: Explore what is driving hunter and CO member participation trends.    
 While these results provided important baseline information about waterfowl 
hunters and DU members, we can only hypothesize what is driving these trends. To get a 
clearer picture of this system it will be important to reach out to hunters and DU 
members, through surveys or interviews, with questions about motivations for 
participation, and constraints to participation for non-participants and constraints to 
increased participation for individuals already participating.   
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Appendices 
 
Appendix A. Using Mark-Recapture Methods to Model Oklahoma Waterfowl 
Hunter Behavior 
Oklahoma provided state license data from 2010- 2016. However, estimates 
provided by the modeling had large variances associated with them.  As such, we caution 
making any decisions based off these estimates.   
   
Model Comparison 
For Oklahoma, the most supported model was the global model, which indicated 
that recruitment rate, retention probability, and license purchase probability were 
influenced by all covariates (Table A-1).  
Table A-1. Model selection results of the top two a priori models of member retention 
(Phi), license purchase probability (p), and recruitment rate (f) for waterfowl hunters 
Oklahoma.    
 
State 
Model  
namea AICcb ΔAICcc wid Ke 
Oklahoma Phi(~stanhuntcat 
+ gen + RUCC 
+ class + time) 
 
p(~stanhuntcat + 
gen + RUCC + 
class + time) 
197859.4 
 
0 1 76 
                                                 
a Covariates evaluated included generation (gen), hunting opportunity, rurality, DU membership class 
(class) and year (time). Phi represents hunter retention probability, p represents hunter license purchase 
probability, and f represents hunter recruitment rate.     
b Akaike's Information Criterion 
c AICc difference 
d AICc model weight 
e parameters 
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State 
Model  
namea AICcb ΔAICcc wid Ke 
f(~gen + RUCC 
+ stanhuntcat + 
time) 
 
 Phi(~gen + 
RUCC + class + 
time) 
 
p(~stanhuntcat + 
gen + RUCC + 
class + 
time)f(~gen + 
RUCC + 
stanhuntcat + 
time) 
 
f(~gen + RUCC 
+ stanhuntcat + 
time) 
 
197865.1 
 
5.7 0 70 
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Covariate Effects  
Generation  
Table A-2. Generation-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters from 
Oklahoma.  
Parametera Generation β SE LCI UCI 
f GenX 0.12 0.03 0.05 0.18 
f Millennials 0.24 0.03 0.18 0.30 
f GenZ 1.60 0.04 1.53 1.68 
Phi GenX -0.03 0.03 -0.10 0.03 
Phi Millennials -0.07 0.03 -0.13 -0.01 
Phi GenZ -0.24 0.06 -0.36 -0.13 
p GenX -0.10 0.05 -0.20 -0.01 
p Millennials -0.07 0.04 -0.15 0.02 
p GenZ 0.40 0.08 0.24 0.56 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Hunting Opportunity  
Table A-3. Hunting opportunity category-specific beta values (β), standard errors (SE), 
lower confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl 
hunters from Oklahoma.   
 
Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
f 1 -0.17 0.18 -0.53 0.19 
f 2 -0.12 0.19 -0.49 0.25 
f 3 -0.17 0.19 -0.54 0.20 
f 4 -0.22 0.19 -0.59 0.14 
f 5 -0.23 0.19 -0.60 0.13 
f 6 -0.27 0.19 -0.65 0.10 
Phi 1 0.46 0.28 -0.10 1.01 
Phi 2 0.32 0.29 -0.25 0.88 
Phi 3 0.43 0.29 -0.14 0.99 
Phi 4 0.48 0.29 -0.08 1.04 
Phi 5 0.51 0.29 -0.05 1.07 
Phi 6 0.46 0.29 -0.10 1.03 
p 1 0.43 0.41 -0.37 1.23 
p 2 0.45 0.42 -0.37 1.26 
p 3 0.56 0.42 -0.25 1.38 
p 4 0.54 0.41 -0.27 1.34 
p 5 0.50 0.41 -0.31 1.31 
p 6 0.58 0.42 -0.24 1.40 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Rurality 
Table A-4. Rurality category-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Oklahoma.  
 
Parametera 
Rurality 
Category β SE LCI UCI 
f 2 -0.09 0.03 -0.15 -0.04 
f 3 0.27 0.06 0.15 0.39 
f 4 -0.02 0.04 -0.09 0.05 
f 5 0.04 0.04 -0.04 0.12 
f 6 -0.05 0.03 -0.11 0.02 
f 7 0.18 0.04 0.10 0.27 
f 8 0.30 0.19 -0.07 0.67 
f 9 0.01 0.06 -0.11 0.13 
Phi 2 0.14 0.03 0.07 0.20 
Phi 3 -0.32 0.08 -0.49 -0.16 
Phi 4 0.06 0.04 -0.01 0.14 
Phi 5 -0.05 0.05 -0.15 0.04 
Phi 6 -0.02 0.04 -0.09 0.05 
Phi 7 -0.22 0.05 -0.33 -0.11 
Phi 8 -0.06 0.23 -0.51 0.39 
Phi 9 -0.11 0.07 -0.25 0.03 
p 2 0.24 0.05 0.15 0.34 
p 3 -0.20 0.12 -0.44 0.03 
p 4 0.11 0.06 -0.01 0.23 
p 5 0.06 0.07 -0.08 0.20 
p 6 0.13 0.05 0.03 0.24 
p 7 0.20 0.08 0.03 0.36 
p 8 0.16 0.34 -0.50 0.82 
p 9 -0.10 0.11 -0.31 0.11 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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DU Membership Class 
Table A-5. DU membership class-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Oklahoma.   
Parametera 
DU 
Membership 
Class β SE LCI UCI 
Phi 2 0.30 0.12 0.07 0.54 
Phi 3 0.53 0.04 0.45 0.62 
Phi 4 0.70 0.13 0.45 0.96 
Phi 5 0.46 0.31 -0.15 1.06 
Phi 6 1.40 0.44 0.54 2.26 
Phi 7 1.06 0.81 -0.53 2.64 
p 2 0.32 0.18 -0.02 0.67 
p 3 0.61 0.05 0.50 0.72 
p 4 0.94 0.19 0.58 1.31 
p 5 0.91 0.51 -0.09 1.91 
p 6 1.07 0.54 0.02 2.12 
p 7 97.85 7751.36 -15094.83 15290.52 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Time  
Table A-5. Year-specific beta values (β), standard errors (SE), lower confidence intervals 
(LCI), and upper confidence intervals (UCI) for waterfowl hunters from Oklahoma.  
 
Parametera Year β SE LCI UCI 
f 2013 -0.94 0.12 -1.18 -0.70 
f 2014 -1.50 0.12 -1.73 -1.26 
f 2015 -2.12 0.15 -2.41 -1.83 
Phi 2013 -0.05 0.06 -0.17 0.07 
Phi 2014 -0.26 0.05 -0.36 -0.15 
Phi 2015 -1.33 0.14 -1.62 -1.05 
p 2013 -0.67 0.20 -1.07 -0.27 
p 2014 -0.78 0.21 -1.18 -0.37 
p 2015 -0.71 0.21 -1.12 -0.30 
p 2016 2.15 1.66 -1.11 5.41 
 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
122 
 
  
Appendix B. Using Mark-Recapture Methods to Model Wyoming Waterfowl 
Hunter Behavior 
Wyoming provided state license data from 2012- 2016.   However, estimates 
provided by the modeling had large variances associated with them.  As such, we caution 
making any decisions based off these estimates.   
 
   
Model Comparison 
For Wyoming, the global model was the most supported for recruitment and 
license purchase probability, which indicated that recruitment rate, and license purchase 
probability, were influenced by all covariates. Generation was not included in the 
retention sub-model.  
Table B-1. Model selection results of the top two a priori models of member retention 
(Phi), license purchase probability (p), and recruitment rate (f) for waterfowl hunters 
from Wyoming.    
State 
Model  
namea AICcb ΔAICcc wid Ke 
Wyoming Phi(~class + 
RUCC + 
stanhuntcat + 
time) 
 
p(~stanhuntcat 
+ gen + 
2627.35 0 1 56 
                                                 
a Covariates evaluated included generation (gen), hunting opportunity, rurality, DU membership class 
(class) and year (time). Phi represents hunter retention probability, p represents hunter license purchase 
probability, and f represents hunter recruitment rate.     
b Akaike's Information Criterion 
c AICc difference 
d AICc model weight 
e parameters 
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State 
Model  
namea AICcb ΔAICcc wid Ke 
RUCC + class 
+ time) 
 
f(~gen + 
RUCC + 
stanhuntcat + 
time) 
 
 Phi(~gen + 
RUCC + 
stanhuntcat + 
time) 
 
p(~gen + 
RUCC + 
stanhuntcat + 
time) 
 
f(~gen + 
RUCC + 
stanhuntcat + 
time) 
2633.80 6.4 0 49 
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Covariate Effects  
Generation  
Table B-2. Generation-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters from 
Wyoming.  
Parametera Generation β SE LCI UCI 
f GenX 0.61 0.29 0.04 1.17 
f Millennials 0.75 0.27 0.22 1.29 
f GenZ -0.28 1.40 -3.02 2.46 
p GenX -0.25 0.22 -0.67 0.18 
p Millennials -0.86 0.24 -1.33 -0.40 
p GenZ -1.80 0.43 -2.64 -0.95 
 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Hunting Opportunity  
Table B-2. Hunting opportunity category-specific beta values (β), standard errors (SE), 
lower confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl 
hunters from Wyoming.   
 
Parametera 
Hunting 
Opportunity 
Category β SE LCI UCI 
f 1 -3.09 1.23 -5.51 -0.68 
f 2 0.38 0.44 -0.48 1.23 
f 3 -3.34 2.98 -9.19 2.51 
f 4 0.60 0.50 -0.37 1.58 
Phi 1 35.08 0.00 35.08 35.08 
Phi 2 0.05 0.84 -1.59 1.70 
Phi 3 37.76 0.00 37.76 37.76 
Phi 4 -18.67 0.00 -18.67 -18.67 
p 1 -2.37 0.43 -3.21 -1.52 
p 2 1.99 6.16 -10.08 14.07 
p 3 -1.42 0.49 -2.37 -0.47 
p 4 1.45 1.06 -0.63 3.52 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Rurality 
Table B-4. Rurality category-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Wyoming.  
 
Parametera 
Rurality 
Category β SE LCI UCI 
f 14 -0.13 0.54 -1.19 0.93 
f 15 1.01 0.41 0.21 1.81 
f 16 3.15 1.30 0.61 5.70 
f 17 0.33 0.32 -0.29 0.95 
f 19 -3.27 5.78 -14.60 8.06 
Phi 14 -1.25 0.74 -2.70 0.21 
Phi 15 -0.71 0.68 -2.05 0.63 
Phi 16 -33.65 0.00 -33.65 -33.65 
Phi 17 -1.69 0.53 -2.73 -0.64 
Phi 19 19.08 0.00 19.08 19.08 
p 14 2.11 3.72 -5.19 9.41 
p 15 1.97 0.43 1.13 2.81 
p 16 1.98 0.60 0.81 3.15 
p 17 0.50 0.32 -0.13 1.12 
p 19 -1.22 0.59 -2.37 -0.06 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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DU Membership Class 
Table B-5. DU membership class-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Wyoming.   
 
Parametera 
DU 
Membership 
Class β SE LCI UCI 
Phi 2 -18.83 3614.67 -7103.59 7065.93 
Phi 3 -1.55 0.68 -2.88 -0.21 
Phi 4 0.38 1.25 -2.07 2.82 
Phi 5 15.51 2785.03 -5443.15 5474.17 
Phi 7 -48.61 0.00 -48.61 -48.61 
p 2 -1.75 3.71 -9.02 5.52 
p 3 1.42 0.31 0.81 2.04 
p 4 0.93 0.67 -0.39 2.26 
p 5 59.14 27784.89 -54399.25 54517.53 
p 7 -2.68 6.01 -14.47 9.11 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Time  
Table B-6. Year-specific beta values (β), standard errors (SE), lower confidence intervals 
(LCI), and upper confidence intervals (UCI) for waterfowl hunters from Wyoming.  
 
Parametera Year β SE LCI UCI 
f 2013 -1.21 0.43 -2.05 -0.37 
f 2014 -1.04 0.43 -1.89 -0.20 
f 2015 -4.05 0.60 -5.23 -2.86 
Phi 2013 -0.05 0.60 -1.23 1.13 
Phi 2014 -0.37 0.58 -1.50 0.76 
Phi 2015 -40.94 0.00 -40.94 -40.94 
p 2013 0.95 0.20 0.55 1.34 
p 2014 0.90 0.21 0.49 1.32 
p 2015 0.55 0.23 0.10 1.00 
p 2016 22.32 7286.50 -14259.23 14303.87 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Appendix C. Using Mark-Recapture Methods to Model Michigan Waterfowl 
Hunter Behavior 
Michigan provided state license data from 2011- 2016.   However, we were not 
able to acquire zip code.  As such, we were not able to test all covariate effects of 
interest.    
 
Model Comparison 
For Michigan, the most supported model was the global model, which indicated 
that recruitment rate, retention probability, and license purchase probability were 
influenced by all covariates.  
Table C-1. Model selection results of the top two a priori models of member retention 
(Phi), license purchase probability (p), and recruitment rate (f) for waterfowl hunters 
from Michigan.    
State Model 
namea 
AICcb ΔAICcc wid Ke 
 
Michigan Phi(~gender 
+ gen + 
class + 
time) 
 
p(~gender + 
gen + class 
+ time) 
 
322943.6 0 1 40 
                                                 
a Covariates evaluated included gender, generation (gen), DU membership class (class) and year (time). Phi 
represents hunter retention probability, p represents hunter license purchase probability, and f represents 
hunter recruitment rate.     
b Akaike's Information Criterion 
c AICc difference 
d AICc model weight 
e parameters 
130 
 
  
State Model 
namea 
AICcb ΔAICcc wid Ke 
 
f(~gender + 
gen + time) 
 
 Phi(~gender 
+ gen + 
class + 
time) 
 
p(~gender + 
gen + time) 
 
f(~gender + 
gen + time) 
323005.1 61.48 0 34 
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Covariate Effects  
Gender  
Table C-2. Gender-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters from 
Michigan.  
Parametera Gender β SE LCI UCI 
f Male -0.706 0.037 -0.78 -0.634 
Phi Male 0.726 0.050 0.628 0.825 
p Male 0.400 0.053 0.297 0.503 
 
 
 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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Generation  
Table C-3. Generation-specific beta values (β), standard errors (SE), lower confidence 
intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters from 
Michigan.  
Parametera Generation β SE LCI UCI 
f GenX 0.167 0.028 0.113 0.221 
f Millennials 0.695 0.028 0.640 0.750 
f GenZ 1.435 0.031 1.374 1.500 
p GenX -0.066 0.030 -0.124 -0.007 
p Millennials -0.213 0.029 -0.271 -0.156 
p GenZ -0.611 0.035 -0.679 -0.543 
 
 
 
 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
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DU Membership Class 
Table C-4. DU membership class-specific beta values (β), standard errors (SE), lower 
confidence intervals (LCI), and upper confidence intervals (UCI) for waterfowl hunters 
from Michigan.   
 
Parametera 
DU 
Membership 
Class β SE LCI UCI 
Phi 2 2.450 0.859 0.766 4.133 
Phi 3 0.842 0.141 0.565 1.119 
Phi 4 1.398 0.716 -0.007 2.802 
Phi 5 65.324 0.000 65.324 65.324 
Phi 7 20.338 356.359 -678.126 718.802 
p 2 0.887 0.261 0.376 1.398 
p 3 0.534 0.080 0.378 0.691 
p 4 0.881 0.338 0.219 1.543 
p 5 -0.404 0.396 -1.179 0.372 
p 7 0.220 0.524 -0.807 1.247 
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Time  
Table C-5. Year-specific beta values (β), standard errors (SE), lower confidence intervals 
(LCI), and upper confidence intervals (UCI) for waterfowl hunters from Wyoming.  
 
Parametera Year β SE LCI UCI 
f 2012 -0.441 0.081 -0.600 -0.282 
f 2013 -0.906 0.081 -1.064 -0.748 
f 2014 -1.343 0.082 -1.504 -1.183 
f 2015 -1.673 0.086 -1.843 -1.504 
Phi 2012 -0.312 0.046 -0.403 -0.221 
Phi 2013 -0.855 0.039 -0.931 -0.778 
Phi 2014 -1.062 0.039 -1.138 -0.987 
Phi 2015 0.620 0.885 -1.114 2.354 
p 2012 -0.989 0.261 -1.501 -0.478 
p 2013 -1.118 0.261 -1.629 -0.606 
p 2014 -1.084 0.261 -1.595 -0.572 
p 2015 -0.951 0.261 -1.463 -0.440 
p 2016 -1.468 0.282 -2.022 -0.915 
 
 
 
 
 
 
 
                                                 
a Recruitment rate (f), retention probability (Phi), license purchase probability (p) 
